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PREFACE

Ketios and proportions are useful tools for problem solving.
They can be used in many situations involving numerical rela-
tions. Some examples are comparing winning records of base-
ball teams, nredicting the weight of an object suspended on

& spring, and increasing the size of a recipe to feed a large
number of people. It is because of the problem-solving power
of ratio and proportion that this booklet was written.

If a technician working for a manufacturing firm knows the
veight and volume of a metal object, he can tell what it is
made of. This identification process (known as finding spe-
cific gravity) can be used by a detective (What is this piece
of metal?), a dairy worker (Does the milk meet the state
butterfat content requirement?), a service station attendant
(Is there enough antifreeze in the radiator? 1Is this battery
fully charged?), as well as in many other areas.

Fach lesson centers on one or two main ideas. This booklet
contains a variety of activities to help you develop and apply
the'ideas of ratio and proportion. Read, listen, and above
all, participate in the discussions and class activities.

After actively participating in the activities of this booklet,
you should be able to:

l. Write ratios and draw diagrams which represent
statements like "7 out of 9 tires are whitewalls"
and "For every 3 saquares there are 5 triangles."

(LESSON 1)




Student involvement

smong, the teeching stretegiez intended 1n ftve voollel,

BOOKLET ORGANIZATION

Student Booklet:

Fachh section of the booklet lend: 'its own contribution to the
. progress of the student.

isxercises are intended meinly for individuazl supervisad study.
It is not anticipated that much homework will be assigned,

¢ £ >
although brief sections of exercises may well serve thst func-

tion.

Cless activity mections are problem situations to be handlaa

on a cooperative or group besis. They are to be in-class
activities and sre not appropriate homewors exercises. The
role of the teacher is that of & resource percon a#nd & director
of learning. Students should be 2llowed to gather informeation
and make discoveries on their own.

Discussion Questions gre to be used for in-clsss discussion
rather then homework. They serve gs an-aid in clarifying itens

vhich rzed a:ided discussion.

The student has an opportunity to chack his owrn progrec: in
those sections labeled 4’Point. The intent is for the student
to use them to evaluate his own progress rather than o quiz
section to be given by the teacher.

Aruitoxt provided by Eic:




Vrite ratios indicoted by written provlems.

(T.ESSON 2)

Determine whether or not two ratios are equivalent

(WY ]

using paper folding or drawing diagrams.
(LESSON 3)
4., ‘Write a ratio when a problem situation is read aloud
to you.

(LESSON 4)

1

Simplify a given ratio.

(LESSON 5)

6. Determine if a proportion is true or false.

T. Solve a proportion for the missing member.

8. Write and solve a proportion suggested by a given
problem situation.

(LESSON 7)

iv
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Teacher's Guide:

12 Teacher's Guide is organized in this way for eacih lesson:

T
Objectives, Equipment and Teaching Aids, Content and Avproach,
Things to Discuss and Answers.

The information appearing under Content and Avproach 1s intended
to assist the teacher in interpreting the emphasis or the lesson
as wvell as g}ve direction. The questions and comments under
Things to Discuss suggest a class discussion of those idezs

which can be further developed to aid the student's understanding.

Answers are printed in proximity to the exercises.

A complete list of Equipment and Teaching Aids appears on pages
ix, x, and xi. The needs of each liesson are indicated in

this list. Also in each lesson, the equipment and teaching
zids needed for that particular lesson are listed.

It 1s important to the smooth overation of your classroom that

the equipment needs are anticipaied far enough in advance so
they can easily be secured. '



10.

11.

12.

13.

Use data resulting from an cvxperimental activity to
predict the outcome of a future trial of the

experiment.

(LESSONS 6, &, 10, 11, 17).

Use the cross-product method to determine whether
or not two ratios are equivalent.

(LESSON 9)

Use proportions and per cent to solve problems like
the following.

a. Use a proportion and 100 as a basis to compare
costs and athletic performances.

b. Determine the amount of medicine required to
mix 40 oz. of a 25% solution,

(LESSON 12)°

Estimate a whole number per cen: ol a given line
segment.

Write a per cent in its various forms, such as

Log 4o , .40, and 2.

10¢ 5

(LESSON 13)
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SUMMARY OF TERMINAL OBJECTIVES

Mo e

Given the phrazses out of - wd ) . ' v
e 1 i —y 4o o R o~ m TN = . . 4 PTG, PO P e v Lt N
My the student sh=11 e oble Lo wrlize colior robrolenting

the phrasec.

The student shall bLe sbhle 1o draw dis s veDrorohn Oy

the phrases, "A out of B, and

Given combinations of written and nictoriasl inform=tl

the student shall be able to write cthe indlicated ratios,
The student shall be able to demonstrate whoathor o nei
two ratios are equivalent. llethods to be usad sra:

. Paper folding or drawing disgrams. .

[o

Multiplication, division, or fectoring meinod:.

I
.

Cross-product method.
A0
Given date from a problem situation, the student chall ba

able to write an indicated pronortion.

Given sufficient date resulting from an experimentnl
activity or 2 problem situation, the student chall be
able to use proportions to predict the outcome of Iuture
trisls. oi' the experiment.

Given s ratio, tie student shell Do sible Lo write It

simplified Torm.

Given a2 proportion, the studernt z2nsll delormine whonne
1 ps >

(2%

it is true or Ialse.

The student shell b= able to find Lthe trut:r ca2b of =n ouan

proportion.




Estimate & whole number per cent of 2 given number.

(LESSON 14)

15. Use proportions to calculate a whole number per
cent of a given number.

(LESSON 15)

16. Recognize whether or not a problem situation
requires an inverse proportion.
17. Solve problems requiring inverse proportions.

(LESSON 16)

You should be able to apply what you have learned about ratio
and proportion to other booklets this year as well as in your
future mathematics and science classes.




The ztudanc

snell e =ble to solve zn opon nrouoriion
using the cross-product method,
S
11. The student shell be ablzs to use proportions to zolve
problems sucin as:

a. Compnering the costs of Lwo iltems using 170G as &
basis for comparison.

D. Determining ihe amount of medicine reauired to

mix 40 oz. of 357 solution.

[th]

P oS

¢c. Comparing the neri’>rmances of two athletes, or

two eutomobiles.

12. The student zha2ll ue zble to estimate & whole number per
cent of 2 given line segment.

3. The student shall be zgble to write 2 per cent in its
s o 8 o G 40 e <
various forme such gs %, —— , &0, =,
150 5

14, The student shall be zble to estimate a whole number
1%. The student zshell bz able to use proportions to czlculste
2 whole number ner cent of a given number.

16. The student shall be zhle to recognize whether or not

a problem situation reguires ean inverse proportion.

17. The student shall be zble to solve problems requiring
inverse proportiomns.

Aruitoxt provided by Eic:
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EQUIPMENT AND TEACHING AIDS

A. STUDENT

1. Several sets of &' % &" printed

cards containing rvictorial and
vritten information about ratiocs.

. . Foog .
*Z. Paeper folding sheets: 1 illustrates
. . 1 2 Iy ft:
eguivalence of = , = , — , = 3
4 o 16 e - 1o
[P . P O
P, illustrates equivelenc: of = , — , — .
2 D 10 238)
*3. One ruler greaduszted in helf-centimeters

(Cut out Trom student page 4i.)

#4. Jne ball: golf beall, tennis ball or super ball.

#5, One yardstick.

o3

: One meter stick.

L.].

Seven feet brown wrapping paper,
¢ inches wide.

=
(€8]

. Ten inches of masking tape.

. One spring.

#10. One hook.

=]
e
>

Q

8FRIC - 16
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STUDENT (CONT'D.) LESSON

#11. One cerdboard pointer,

#12. Three xnovm weights.

#13. Two unknorm weights.
#14,  One weignht, x, for tension.
#1%, One nut and boli.

One block of wood with holes, 4,B,C
#*17. One strip of tagboard, one inch long.
#1%. One-helf rubber bznd, Size 31:

#1G. One egg beater or one hand speed drill.

G

#20. Two melted milx cartons.
1"

#21. One 21 netal paper clamp.
2

"
#22. One wire rod (% diameter, 6" long).

#23. Two metal hooks.

* Materials provided with the booklets.
# Quantity needed to supply one zctivity

T x

17
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B. TEACHER

L

n

Overheazd projector.

trojection screen.

Five peckeages of ac=atate
geometric figures, 10
i'igures ner nackage.

Prevared overhezd transparencies.

One cmeall candle with thumbtacsz

P

each of the followin
%-pint, 1 pint, 1 cguert,

and cerdooard candle holder.

One tin can vith viewing window.

One book of metches.

One timer - wetch with second hand.

#Materials provided vwith the booklets.

NCTE: The Teacher!s Guide

lesson.

T

. 18

xi

LESSON
Loc Tty iy
12,17
~ o) e Lo

1.2,3,4,0,7, 513,

. >
12,17

l

a2 how o,
l:ﬁ:J:“:/:T:;:ll:

12,17

for each lesson lists the
equipment and teaching a2ids needed for that
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OBJECTIVES

1. To review witn iths
given n phraze or
relationshi

)

. The student chell b2 ablie to:

a. Write o ratio given

1"

"

nhroce such ag

o

1. A oour of B,

13 [ . -
P.on ddoprne cuch aco .O‘OO

2, 4 phrass suon 8 For every & there ars
h, & dimgram sueh: as OOO‘—*AAAA
b. Draw diazgrams reoresenting the phraces "4 out
.- - - ;o !
2" and "For every i thers are B,

EQUIPMENT AND TEACHING AIDS

TEACHER

1. Overnead nrojector

2. Projsction .creen

* 3. B packages
10 figures

(e}
y
[
GS
=
D
n

* U, fTransparencies: ARP 1& and ARP 1B

ARP 1A con®=2ins several sets of geometric
figures hav1ng their interiors shaded to
illustraze "A out of B are shaded."

ARP 13 contains several sets of geometric
figures to illustrate "For every A there
are B. ARP 1B is masked so various com-
binations ¢zn b2 shown in s=auznce,

2%

(]
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CONTENT AND APPROACH

The pilctures ard commentary on pages 2 and 3 of the student
booklet illustrate several kinds of situations which use ratio
and proportion. These pages are (o te discussed briefly, for
the szudents are not expected to answer ithe questions now.

PART I

Reing able to write ratios is an essential skill irn problem
solving. The intent of lLescon 1 is to provide opportunity
for students to write ratios so that the class will come to
a common understanding of writing ratios.

Preparatory to having the students work the exercises, a

teacher-led discussion using the overhead projector and the

geometric figures is proposed. A possible discussion sequence

follows.

The sequence uses specific numbers. This is done because the
]

discussion iz easier to write this way. ©+Use the figures in

1. ?Plece 2 =zquares and % triangles on the overhead stage.
Ask these questions. Iow many figures are there in all?
How many fTigures azre =zquares? [How many are triangles?

Tell them that 3 out of & [igures are squares. Ask them

(or tell them if necessary ) how "2 out of £" can be writ-
2

ten as a ratio, ?'

o

2. Place some hexszgons and rectengles on the stage. Ask how
many are hexagons, how many are rectengles, and how many
are in the total group.

ERIC | 22
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denominatar is the total of wins znd loszses. 7ihe decimal =3
is fourd by dividing 1S by 2. Tiis 135 the way a pitcher's
record is reported in the newsnoger.
“iores offer sales to clanr outl gocds they have nad on hand
in order to make roox for new merzhandize.  The amounti items
are reduced is usuell; Jicured by using ner cent. et does
it mean when a store zdvertises 157 offY How zre per cents
written as reatios?
The results of «n election are renorted usirvg the nurver ol
soles each candidute receives. The vercon receliving tine high-
25t total wins the election. Fho wazgs the winn date

By now many votes d4id he

be used to coumpare voilesg,

voted 7 1o 1 in favor of “r. “arson over lr. Parer. What

ratio indicetes the combirison of wotez for “r. “=zrson to

votes for lir. Allent? ihat per ceri of inhe vote did “r. larson
G

get

Zaturr. I wes 0 e

actual moon Tlight was attempted usinrg the
the ratio of the height o o]
Loout howr many times longer

i
compares ithe number of engines
e

a longer space rocket useg {

23




150

Write on the overhezd :ztzge or the blacubtoard: out

of figures are rectangles. Fsg them Lo nnme the

indicated ratio.

r

0]

not rec-

o]

Have them fill in: " out of figures

tangles." ¥rite &s = ratio.

Place some blue triazngles, yellow trisngles, and saquares on
the stage.

The students should tell the number of blue triangles,
yellow triangles, scuares, totel nwnher of figures.

Complete: out of figures are blue triangles.
Write as a ratio.
out of Tigures are squares.

Write &s a ratio.

out of figures are vellow “riangles.
tirite ac o ratio.
out or figures are triangles.
Yrite as a ratio.
Present the statement: "I out of ¢ figures are hexagons."

Ask: "What figures should be put on the stage?"

A variety of answvers may be suggested including, "Put 9

n

hexagons on the stage. Do it. Then some class members

will offer to correct the picture.

Place some rectangles, yellow trianglez, snd sauares on the
stage. /fsk them what kinés of statements and ratios could

be given to describe the situztion.




atios are used in many situations, some of which are indi-
J )

czted on the previous two pages. Performances of cars, ath-
3

letes, students, and home appliances can be compared usin
3 3 " -

retios.

PART |

The first activity of this unit contains a review of the
meaning of ratio. Your teacher will use the overhead projector
to illustrate several vays ratios can be interpreted.

Watch carefully and particivate
in the discussion. If you have
questions during the discussion,
ask them.

PART 2

There are several kinds of statements indicating that z ratio
could be written. In this part, you will work with one kind
of statement.

Q | , :zfi
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PART 2

Use Transparency ARP 1A to make the transfer from manipulating
geometric figures to the shading of a set of figures. ARP 1A
is an example of the exercises in Part 2.

For each of the five sets of figures (or as many sets as you
think necessary) ask questions like this:

How many circular regions are in the set? How many circular

regions are shad=d? What is the ratio of shaded circular
regions out of unshaded circular regions?

After discussing the transparency, the students should be
ready to do the exercises on pages 5-10.




SON 1 "

ES

EXAMPLE 1:

LE

7 out of'the 9 cars have white-walled tires.
Z-expresses the statement in ratio form.

The denominator of the ratio represents the entire
set.

The numerator represents the part of the set referred
to.

EXAMPLE 2: 4 out of 9 triangular regions are shaded.

(=

4 out of 9 is represented by

The denominator of the ratio is
9, the numerator is 4.

EXERCISES

1. 2 out of 5 triangular regions are
shaded. Write the ratio represented A /\ /\ A/\

by the statement.

27
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LESSON 1

2. U4 out of 7 square regions sre

shaded. Write the ratio. ... .

3. Of the 12 rectangular regions, 5 are shaded.
Write the ratio indicated.

W,

o

6 out of the 11 hexagonal regions are
shaded. Write the indicated ratio.

b. 5 out of the 11 hexagonal regions are not

shaded. What ratio represents this state-
ment?

v

out of 6 circular regions are shaded.

z . 900000

b. Write the ratio.

o. @....- a. U4 out of squares are circled.

b. Write the ratio.

a. out of __ triangular regions are
shaded.

b. Write the indicated ratio.

29




ANSWERS (CONT'D.)

o, 4
7
5

3 12

b, a, &

11
b, 2
11

5. a. 5

b, 2
6

6. a. 9

b, &
9

7. a. 9 out of 18

9
b, =
18




LESSON 1 ' 7

ENAANA S rdvesiesheunieiosng
us : A a
VVVV .

are circled.

b. Write the indicated ratio.

v/ POINT

How do you know which number is the numerator and which is the
denominator?

The picture contains 100 squares like this:0

a. out of the 100 square regions are
shaded.

b. What ratio is indicated?

a. out of 100 regions are shaded.

b. Write the ratio indicated.

c. out of regions are not shaded.

d. What ratio is represented now?

d1




ANSWERS (CONT'D.)

8. a.l\ 7\\//\\// \\// The actual triangles circled may

vary, but 7 of the 9 are to be

vvvv circled.

9

ANSWER TO ~/P0|NT The denominator is the total number of
members of the set. The numerator is that

part of the total which is circled, dis-
cussed, shaded, etc.

Q9. a. 20
b, 29
100

10. a. U422
b, A2
100

c. 58 out of 100

a. 28
100




LESSON 1

25 out of 100 regions are shaded. 1—%55-
is the indicated ratio. Ratios having a
denominator of 100 are givén the special
name PER CENT. Per cent means "out of 100"

or "for each 100".

25 per cent and {%% represent the same idea.

1l. a. Write 35 per cent as a ratio.

b, L2

—_ be written as e t.
100 can a per cen
c. If 40 out of 100 regions are shaded, the ratio indi-
cated is . Write the ratio using its special name.
12,
a. In the picture, out of

100 regions are shaded.

b. The ratio indicated is

c. Express the ratio as a per
cent.




ANSWERS (CONT'D.)

The student has been exposed to per cent in the past. At
this point no extensive discussions are carried out. These
exercises are to review the relationship between "per cent"
and ratios.

11, a. 32
100
b:. 75
c. iﬁl-, Lo per cent, U40%
100
12. a. 22
b. =22
100
c 22%

34




LESSON 1

13. a. Shade the small square regions
to show that 15 out of 100
regions are shaded.

b. What ratio is represented by
the picture?

c. Write the ratio as a per cent.

14, 35 per rent of the regions rre
shaded.

Circle below the ratio repre-

senting the statement:
35 65 100 35
65 100 35 100
15. a. out of regions are shaded.

b. The indicated ratio is .

c. At the same rate, how many regions would
be shaded out of a total of 50 regions?




ANSWERS (CONT'D.)

e

Any combination of 15 shaded

regions 1is correct.

c. 15 per cent or 15%

A student may say that 85 out of the 100 regions are unshaded

and write the ratio jﬁi . This is an acceptable response.
100
1y, 35 65 100

65 100 35

15. a. 6 out of 25

L
25

c. 12




10 LESSON 1

15. AAAA out of regions are not shaded.

AAA v, Write the indicated ratio.

AAA
AA

17. 4 out of 10 triangular regions are to be sheded.

a. Complete the picture: AA AAA .
b. Write the ratio. AAAAAN

18. a. Complete the picture to represent i OOO"

10 0000®

b. out of circular regions asre shaded.

———

L

19. 1In a picture using circles to represent —
11
a. How many circles would be in the entire picture?

>

b. How many circular regions would you shade?

Cc. Draw ¢ picture to represent the ratio ]).4_1 .

20. Which of the ratios represents the statement, 18 out
of 53 triangular regions are shaded?

33 18 18 53
18 100 53 100

37
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ANSWERS (CONT'D.)

16. a. 8 out of 13

b, &
13
17. a. A A A AA Any & triangular reginns may be
A A AA A shaded.
b,
10
15, a O O @ ‘ ‘ Any 3 additionezl circular regions
O O @ @ . may be shaded.
b. 6 out of 10
19. a. 11 The student might decide to shade 7

circles and claim the drawing repre-

b. 4 sents, "4 out of 11 circles are not
C X JOIO) shaded." This would be acceptable.

9000 Then the drawing in 19c would be
OO0 0000600000600




LESSON 1

PART 3

The ratio 2 can be used to express the statement "For every

5 there are 8." This statement differs from the first type
we wrote because it indicates that two different sets of ob-

Jjects are being compared. The first type of ratio was a com-
parison of part of a set to the whole set.

Look at the two types of ratios to note their differences:

5 out of 8 triangles For every 5 triangles

zre circled. there are 8 squares.

DNANNNNAN AAAAA-OOODOOO0O0
5

g 8

EXAMPLE: Draw the picture and write the ratio representing:
For every 11 * there are 6 #.

Answer:

Picture

v’ POINT

How do the ratio statements and pictures introduced in Part 3
differ from those you worked with in Part 2 2

39




PART 3

; While Part 2 discussed ratios related to subsets of sets of
figures, Part 3 deals with comparison of two distinct sets.

The statement "for every * iriengles there are 4 squares" is

pictured as A AA— OOOO  end is represented by

the ratio =

On the stage of the overhead you could place three sets of
three triangles and three sets of four squares. The statement
"for every 3Z§;there are 41 " is used to express the picture.
"For every" in this situation takes on meaning and will be

less likely to cause confusion than when "for every" is used
with a2 single correspondence.

1. Placing 4 rectangles and 7 squares on the stage in this

viay, | 1 D D D D the students
I — OO0

should complete the statement: '"For every 4 rectangles

there are guarcs. Draw the arrow to complete the

picture. | 11 |
Q000
11 Qo
The ratio representing the picture is % .

The direction of the s#rrow indicates the order in which
the comparison iz to be made.

ANSWER TOV/POINT

In Part 2 a single set of objects was being dealt with, and

part of the sei was being compared to the entire set. In Part 3
two sets are considered, and the number of members in one set

is being compared to the number of members in the other set.

ERIC - 40




EXERCISES

1.

For every 2 A there are 5

a. Complete the picture: AN\ —>

b. Write the ratio which represents the statement.

For every 3 A there are 7

2. Complete the picture: — [O0O000

b. Write the ratio representing the statement.

For every LLAthere are 5

a. Draw a picture representing the statement.

_vh-}
b. FWrite the ration.

Use the picture to fill in the blanks: For every
there are

AAALN—OOOOOO0

Consider a set of SO and a set of 6<:>.

a. Write a ratio indicating the number ofO compared to
the number ofO.

b. Draw a picture which represents the ratio.

—>

¢c. Fill in: For every there are

———

11




T 12

2. Place some hexagons and triangles on the stage. Have the
students complete the statement: "For every there
are ." Draw in the arrow (in the appropriate direction)

and write the indicated ratio.

3. Present the statement, "For every 3 squares there are 5
hexagons." Ask how many of each kind of figure would be
used (put them on the overhead stage); hegv\ the arrow
should be drawn; and what ratio represents the statement.

4, Use Transparency ARP 1B which brings together the diagram,
the picture and the ratio.

B. This section points out that the numerator is not
always the smaller number,

C. In this case the direction of the arrow is reversed.

The arrow depends upon the statement and the order
in which the figures zre drawn.

ANSWERS TO EXERCISES 2

1. a. [:][:][:] [:] 2. a. Zﬁ&lﬁ&lﬁ\

3
b. = b, 2
5 7

PWAVAVAVAGd B IHIN n. 4 A, 70

le3
(G g

5
5. a. ¢

. 000
Sono 008

The sgatement is intended to allow the student to write either
-

2 or 5 The important thing is that the students are consis-

6

tent throughout the exercise.

42




LESSON 1

6. For every 30there are -7<:>.
Circle the ratio which represents the above statement.

7. Given MOand 90 and the ratio %, fill in the blanks:
For every there are

8. Draw a picture representing the statement: For every
6 there are 11 )
a. —_—>
b. What ratio represents the statement?

9. For every 7A there are 4 D .

—

a. Complete the picture: [:]
b. Write the ratio.

10. Consider the ratio, 3 .

a. Draw a picture representing the ratio.

b. For every there are

13

~w

w =




ANSWERS (CONT'D.)

6.@

. 5O, O

w =

8. a. DDDDDD—»AAAAAAAAAAA
b, o
11
9. a. AAAANAAANAN
. 7.
b. Z‘
10. a. ?H/#—e.&&&&a-.
b. 37, 5

44
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LESSON 1

1ll. Look at these tvio sets:

mjn AN
SDD ~| a8

a. Tor every 8[:] there are

b. Write a ratio comparing toA .

12. Tor every 8 Athere are IOO.

a. Complete the picture

AAAANANNAA —

b. Write a ratio which represents the picture.

13. Write the ratio represented by

L] —> AAAAAAA

14, For every 6O there are 9
a. Complete the picture:

_, Ooooo
oooo

b. Write a ratio which represents the picture.

c. This exercise compares the number of to the
number of

40




ANSWERS (CONT'D.)

11. a. 12[ﬁ&

b. ji The simplified ratio, %, would be acceptable,.
12

12. =. OOO0O00OO0OO0Q0O0
(.‘ . Ji .
. f; The ratio, %, would be acceptable. A student
'S
giving sucii” a response should be asked to demon-
strate how he knows it is true.
13.

N |

w. . OOO000O0

See note for Exercise 120b.

6
9
c.(:)'s 's




IESSON 1

'—l
A\ %2

For every ZAthere are 3{)is expressed by the ratio %

ﬁ OOO Another statement can be written
!: B
for the picture. It is "2 tri-

angles compared to 3 hexagons."
The ratio % also represents this.

Example: There are 28 days in February compared to 31 days

in I'-'Iagch. The ratio representing this comparison
. 2
is -3—1.

15. There are 4 triangles compared to 7 circles.

a. Complete the picture: /\/\/\/\»

b. Write the indicated ratio.

16. O a. 5 circles are compared to

squares,

OO 4, DD b. The ratio is .

17. There are 7 * compared to 11 #

a. Draw a picture representing the comparison. —_—

b. Write the ratio.

c. Complete the statement: For every there are

.

47




ANSWERS (CONT'D.)

5.2 0000000

b, =

7

c
(03 ()]

Ao % ¥ N/
oA on i
17 R a. Yooy —_— i LT T

R T S T
A

L
11
T, 1

i

Hd




16

19.

20.

N

LESSOIT 1

out of O triangles are shaded.

Write the ratio indicated by the statement.

Draw a picture representing the ratio.

Write the ratio and draw a picture reprezenting each of
the following:

a‘
b‘

c‘

For every 9 squares there are 6 triangles.

6 out of ¢ squares are shaded.

There are 9 triangles compared to 6 squares.

Circle the ratio which represents each of the following:

a‘

There are 16 squares compared to 1l triangles.
11 11 16 27

pr———c)

16 27 11 16

F'or every 8 shaded triangles there are 15 circles.
15 8 8 23
8 15 23 15

9 out of the 17 squares are shaded.

ir 9 9 8
) 17 26 26




ANSWERS (CONT'D.)

e, a. -‘;—
b AAAAANNAAN
19. a. ¢ O0O0000O000—-AAAAAA
. ¢ REREEEEOOD
c. 3 AAAAAAAAA—OODDDOO
20. a %% -,-]{”;?1{ %;
c- g 76 26




LESSON 1 17

DISCUSSION QUESTIONS

1. Look at the two pictures: A MO0 ->AAAA
» OOO<AAAA

a. How do they differ?
b. What ratios do they represent?

c. Are both pictures correct? FExplain.

Look at the drawing. O & o ©
O O O O
O O OO

a. Write all of the different ratios and sentences that
could describe the drawing.

b. Was it possible to use a statement like
For every there are s Or out of

to describe any of your ratios? Explain your answer.

a. If you were to close your eyes and imagine a picture
for each of the statements, what would you see?

2 out of 3 cars are red.

For every 2 red cars there are 3 blue cars.

b. Are the ratios different?

¢c. Tell how the statements describe different situations.

ol




ANSWERS TO DISCUSSION QUESTIONS

l.

-

Qe

Picture A compazres the nusber of saquares to the nun-
ber of triangles as indicated by the arrow pointing to
the right. In picture B, the arrow indicates that

the number of triangles is being compared to the nun-
ber of squares.

Picture A represents the ratio % while picture B
I 4
represents — .

Both pictures arc correct. They just represent dirf-

ferent ratios. The person must interpret the picture
carefully so that he does not overlook the direction

of the arrow which tells in which direction the com-

parison is being made.

This is from 2 "For every" statement.

N

This is from an "Cut of" statement.

HI:. i
w

=
w

P
NI

w |

Both kinds of statements can be used depending on

whether you wish to consider the drawing as two sets

@0 G@ or one set
4

/O 000

OO0O0O0

92




Full Tt Provided by ERIC.

3. a.

(NOTE:

ANSWERS (CONT'D.)

L1

2 out of 3 cars are red.”

There are three cars, two of them are red

and the other ong iz not red.

"For every 2 red cars there sre 3 blue csrs,”

There zre five cars, two are red ond

three arse blue.

The ratios (the ideas) ave different but the symbols

(fractions) ere not different.

(Teacher: Do not press the number-numeral lideea,

Just ask them to explain their response.)

This refers to a previous V/?oint guecstion (pg. 110,
& i AN ’,

"out of" deals with one set snd a2 subset thereof.

"For every" desls with two disjoint sets.

Student page 18 and Teacher page T1& are blank.)
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LESSON 2 19

CARDS, CARS, AND RATIOS

Ratios express relationships in a variety of situations. 1In
this lesson you will be writing more ratios. These ratios
come from many topics that you might find interesting.

EXERCISES |

You will receive cards containing some facts and questions
about these facts. An objective of this exercise is for you

to be able to write ratios which represent certain data given
to you.

There are twelve cards in the set. Your teacher will explain
how you are to do the exercises. Write your answers below.

CARD NUMBER ANSWERS TO EXERCISES

o4




LESS0H 2 T 19

CARDS, CARS, AND RATIOS

OBJECTIVES
The student shall write the indicated ratios given

1. Combinztions of written and pictorial information.

2. Statements in written form only.
EQUIPMENT AND TEACHING AIDS

A. STUDENT

*#geveral sets of 5" x 8" printed cards containing
pictorial and written information about ratios.
The Cards are reproduced on pages T 1¢b - T 19j.

B. TEACHER

1. Overhead Projector
2. Projection screen
*3, Transparency: ARP 2
Transparency ARP 2 illustrates the graphs on cards

1 and 2. It might be useful in explaining how the
graphs are read.

CONTENT AND APPROACH

In Exercises 1, the students are to be given 5" x 8" cards con-
taining pictorial and written facts about particular topics.

In your equipment file there are some sets of twelve cards.
There are several ways the activity can be handled.

1. All students could remain in their seats and each one
given a cuuple of cards. Then they would read each
card and answer the questions. When finished, the
students would pass the card to a neighbor for him
to read and answer. The cards should be circulated
until each student has worked at least six cards.

99




The class could be broxen up into gmall groups
with each group heving a szet of cards. ¥#Hithin

the group, they would discuss the set of cards

and record their responses. Total class discussicn
could resolve any auestions that were unanswered

or caused debate.

The cards could be placed arournd the room in piles
and the students could circulate about the room
answering the questions. This mode of operation
would bhe preparatory to students doing experimental
activities where ctztion-to-station movement is
required.

THINGS TO DISCUSS

In both Exercises 1 and 2 there is a reference to per cent.

The development of per cent does not occur until Lesson 12;

however, the students' previous exposure to the topic cannot
be ignored. 1In each set of exercises there is a short para-
graph which reviews writing per cents using ratios and using
the % symbol. There mey be a need to discuss this idea with
the students as they work the exercises.

Each set of exercises also contains items about miles per
hour, feet per second, cost per day, etc. A statement is made
concerning their meaning (60 mph is 60 miles per 1 hour).

Some discussion might be helpiul tr the students.

As the lesson is concluded, both of the ideas mentioned above
should be sufficiently discussed so that the student can write
these kinds of ratios.

PAFulToxt Provided by ERIC
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CERD 1

o=
[}

’
>
L
r—
L

3
e
i—

.
=<
b~
)
ela
pa

Tre faster you drive, the {farther you travel Trom the time you
realize you must ston until you 20ply the brakes.  (This is
called Reaction Listonce.)

1
'

(Answer the gquections on the other side)

Write a ratio whichk compares reaction distance for 20 mph to reaction
distance for 40 wmph.

Write a ratio which compares reaction distances of 20 mph to 60 mph.
Write a ratio Lo compare reaction distances for 30 mph and €0 mph.
The speeds increase by 10 mph. How «lo the reaction distances chango

What is the reaction distance for 50 mph?

. 97




CARD =

AUTOMOBILE DRIVING

The faster you drive, the longer the stopping distance,

o

1. What ratio compares stopping distance of 20 mph to stopping distance
of 40 mph? of 40 mph to 60 mph? of 30 mph to 60 mph?

o

If the speed (mph) doubles, how does the stopring distance change?

PR ratto v e )
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DRAG STRIP

S

. . —
~% T~z COAS T - DOWN ~\>/

- VERRUN 22007 -
1320 feet \\\\_ /\\ \.,_\»9\,_ - 2

/’/. ~.\‘: \“.\\ .. e -
- ('\\ _—, "y

g
T.oviilel Lo long . e Ll e

Ao NN L0 Lot L Lol

Doodpedte oo orutLol Lo ool o v el e bt T e g

ctrly Lo the overzw:,

5]

Lo bhie overrun olooor Ty Dt L=l o -

DRAG
STRIP

The driver takes a
deceleration shock
of 4.5 G*®s when

stopping his dragster. APOLLOC COMMAND MODULE

The astronaut takes a
deceleration shock of about
7 G’s when coming

back to carth.

1, Virite o ratio cowparing e st Lobon on oo vy bor drivoy
to that taken by oy asieyut,

Q DL ML geometrio Flgwrs aocn Lo Apal i comen sl b Dok Ilway
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Land speed recoris

~ ", . de e oy yme o Caiga S - S P [T seyn . P L
chey are attemplin: ©o Dot Do opes o 0F o,

Tne cpood 0L sour i Dosrennon ol Tl e Loy

The speed of coweer o o dlrod Jaoh

R R e B RS 10°
DA SRR 4 50°
K] 70°

wo

~d

ez

740 750 760 770 780 790 800

1. How fast must the

2o
i)
—
~
-
5y
-
vt
-4
F./
o

P - fo et LT - C i yerym s ames e w o o a
AW ~utastde tomneratiire’

2. If the outside tanmporatare 1o 0, how fast 1o Mach I+

5. Vhat ratio compurves th- specir Sor Lacn T oat teppervatares of 307
el
and 90%?

4. At Mach I and a temperaturs of 307, the car temperatur: is 19557,
hen it is 90" outside, th~ car tempszrature ls 2007, drite a
ratio comparing the car tomperatures,
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Tomperotare b

A tire will wony cimost il ool o U as wien oporabe !
at 00",

D A AN

NN S SEAES RSN TSSO

N,

7

/
/

MPH |0 20 30 4

Pounds wear per 100,000 miles, 80° F
[« }

~ SN
o ¥ SN NN S
A D D
NS R S S SN

&
2

[¢]
R
R
\\\\

-

1. Use a ratio to chow the comp=ricon: tire weer abl O mph Lo tire veor
at 30 mph.

2. Tire wear at 55 mph is 7. ‘Write ¢ rostilc cormpuring wear at 30 mph to
wear at 55 mph. )

3. How does wear at 50 mph compare Lo wear ot 35 nph?

b1




CARD 7

SHARKES

L 4 N . e
There are about 250 species of sharks, but only five
dangerous to humans.

are

The largest shark is called the Whale Shark,

Two types of sharks are describod on the back.

SHARKS

Whale Shark
length: 60 feet
weight: 25000 pounds

Basking Shark
length: 30 feet
weight: 8600 pounds

What is the ratio: 1length of ¥Whale shark to length of Basking shark:

Compare the weights using a ratio: Whale shark to Baskiﬁg shark.

The weight of the Whale shark

is how many times the weight of the
Basking shark?

How might you explain why the Whale shark weighs
Basking shark when it is only twice as long”

62
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CARD

GASOLINE AND OCTANI

fintilnock quality of gasoline is expressed using octanc nunber.
erformance of gasoline is compared to pure iso-octane {ucl.

if
wr

agsoline performs like pure (100%) iso-octane, its octane
o

&
ber is 100,

P

1

'{ gasoline performs like a fuel having 807 iso-octane, its
octone number is &0,

1. ¥Yhat ratio vould express the
comparison of a fuel wvhich is
93 octane to the standard.
iso-octane?

2. Write the ratio comparing a fucl
rated at 110 octane to the standar:
iso-octane,

3., Write the ratio which compares 95
octane gas to 110 octanc gas,.

63
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BRI RECORDS OF AGE (YEARS)

ELEPHANT 100

CARP 150

trite o roetios the comporiconc of thne ponowrd 1ie obhons ol L
animals:

1. Tortoise to Caorp S Mmoo bngple

~. Alligator to Mlepnant L e Lo Tortoise

A notionwide moving company requlire: o Jdown nayment ol $1i0 for each 1o
the job costs.

1. WHrite a ratio comparing he dov: waysoent o the totel couot.

2. If the total coct was $500, how mush down payment is required?

Retios having denominators off 100 avs ool rop ceonts ano are written
this way: 109 10

0f e — i means for eaoen ~dred )
10% =50 (7: meene for sqeh hundred)

[

. If & dowvn payment of 10% is required, the larger the moving costs,
the the down nayment.,

4, Another company requires a 1%% down payment. Write this 2s a ratio.

ERIC 64




imported carc account oy ubkout Lo
Thiz means thoat out of cwewy 2 nosw

-~ - - . . - o X4 . Y . FR
1, Weite 107 as o ratio.

Yolkowngen sccounts rov nenrly o
cars sold in the U,8.  (Ghis iz o0 outl

2, VWrite 007 as a ratlo.
The Opel clalms over &0 of Total import sninr.

o

5. Vrite o7 as o ratio.

CARG 1D

sodern ot alreraft of the world mur:s
of Tuel vor doy.  (They burn Do,

4wy

1. Vrite o ratio ropreson

stotoments using terms like:r peor day,
cte. mean for L day, fox 1 hour, fov

Tuo nwabers are necded o write a roetio,
Sbove tyro involve the "hifien” rowbor
the denosinator ot bhe vwatico,

2, Write ratics which roprosent thie ol
) 50 miles per hour
) 18 miles per gnllon

4ooOo r.p.m. (revolutions per minubs,
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ANSWERS TO EXERCISES |

CARD NUMBER

N

(WA}

I

(3}

PAFulToxt Provided by ERIC

Y.
B3RS Tt - : . | . o
FSrudaent g1 0l ETE N SRR ST I TP A Y
TG orai ol L B .

ANSWERS TO EXERCISES

NN o s
h ~ S K
] . — ile et e —
W L Ca

foo The reactdon distoncer lrcerenre by
multiples of 11,

l . —i— F) TTTT s

S
R
215

N

It nore than doubles.

The ra-io. are not eqguivalent or they

do not incresse regniarly.  Vnrious

ansvers suggesting tnles ides chould be
4

arzepteu.,

1=00

1. The ovarrun. "

Ty
.,

nila
Ty
D

O [

1. LLT(‘ This form is not prefcrered, but it
{ students sre not vroficiont with
cguivalent retios, this iro wint
wi1ll be given. f ecourse - Lo

acceptable.,

N

. A cone.

1. 740 mph 2. TS weDh

NERT AN

o~ ThO yo1en
782
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ANSWERS (CONT'D.)

5 4 6
1 <2 I jud )
‘ 4 o 3.3
' 60 ~ 25000
1. =—= YV . About
f 30 °7 8600 3. Avout 3
times as
many.

4, Difference in body structure.

a3 ~ 110 93
8 1. = ., 3. 2
100 100 ®* 110
)
9 1. 200 5 50 5. W5, 150
156 100 115 200
+0 1. =L 20§50 3. larger 4. -2
100 100
10 60 @]
11 1. — 2. 2. <
100 100 " 100
50,000,000 , 50 . 18
- L 1 <& T % 3
.. 4900
1
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LESSON 2

EXERCISES 2

Do the following exercises using ratios:

A dragster uses about 3 gallons of fuel for each run at
a cost of $21.00.

a. Write a ratio that tells total cost per gallons of
fuel for one run.
b. What does one gallon of fuel cost?

Write as a ratio the cost pur gallon of fuel.

2. A muscle in the human body is about as
etficient as 2 good automobile engine.

A muscle converts about 30 calories

directly into energy out of every 100
calories used.

a. What ratio represents this
comparison?

b. What % of the calories are
used directly for energy?

3. During one minute of vigorous activity your lungs take in
about 100 quarts of air. At rest your lungs take in about

quarts of air. Write a ratio comparing intake at rest
to intake during activity.




ANSWERS TO EXERCISES 2




LESSON 2
L, Walking uses 334 calories per hour.
Jogging uses 679 cal/hr.
a. What is the ratio of calories
used for jogging compared to
calories used for walking?
b. The number of calories used for
jogging is about how many times
those used for walking?
679 CALORIES _ 334 CALORIES

[
)

Today a gallon of gasoline
can move a 2000 pound car at
4O mph nearly 40 miles.

35 years ago the same amount
of gas would move the car
about 30 miles.

VWrite a ratio comparing the miles traveled now to the
miles traveled 35 years ago on a-gallon of gas.

6. Most automobile trips are 10 miles or less.
It takes almost 7 miles to warm up an engine.
a. What fraction of a 10-mile trip is used for warm-up?
b. What is the ratio of warm-up distance to trip dis-

tance for a 10-mile trip?

The next exercises involve writing per cent as a ratio.

Since % means 'for each hundred" or "out of one hundred",
30% means 30 for each 100 (30 out of 100) and is written

as a ratio like this: 29 9% is the ratio f%%.

100




ANSWERS (CONT'D.)

t. about 2 times




LESSON 2

A maker of men's trousers stated that the
material was 50% Dacron, 25% Orlon, 25% Rayon.

Write ratios that express these per cents:

Dacron: Orlon: Rayon:

8. A telephone company advertised that by dialing long dis-
tance direct you could save 40% on a three-minute call.

What ratio expresses this savings?

A newspaper ad about tires stated
that the supertread tire was 23%
stronger than the average tire.

Express 23% as a ratio.

10. The newspaper ad also stated that this tire stops 25%
more quickly than the average tire.

Write 25% as a ratio.
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ANSWERS (CONT'D.)
7. Dacron: =2 Orlon: -2 Rayon: -2
100 100 00
g, 0
100
9. 23
100
10, 22




23

A car traveling 60 miles per hour is going 60 miles for

each 1 hour of time. The ratio representing this is

60 miles . other way to express this speed is 88
1 hour

feet per second. Per second means "for each 1 second".

The ratio would be written as S0 L€t
1 second

a. The Crump Geyser, in Oregon, is
spraying water higher than 01d
Faithful's 160 foot spray. The
new geyser sprays water and steam
200 feet in the air.

Write a ratio of Crump's height
compared to Old Faithful's height.

b. The Crump Geyser sprays at a speed-
up to 80 feet per second. What
ratio represents this?

c. Crump also sprays up to 600 gallons
of water per minute. Write this
as a ratio.

d. O0ld Faithful releases up to 2500
gallons of water per minute.
Write the ratio.




ANSWERS (CONT’D.)

11. a, 200 b, 80 feet o. 0600 gallons

160 " 1 second ) 1 minute

d. 2500 gallons
1 minute




ol LESSON 2

12z. Today a jet going from New York to London travels about
600 miles per hour. Write this as a ratio.

13. The new supersdnic jets will travel at a speed of nearly
1800 mph. What ratio represents this?

14. Today's jet going from New York to London uses a fuel at
the rate of 13,000 gallons per trip. The new supersonic
Jjets will use nearly 30,000 gallons per trip between
these two cities. Write ratios to represent these ideas.

15. l - Write as a ratio: There are
j J ) 5280 ft. per mile.

16. Almost 8% of the earth's crust is aluminum. Write
this as a ratio.

17. Write a ratio which represents that one acre of soil
contains nearly 4 million insects.




ANSWERS (CONT'D.)

600 miles
1l hour

12.

1800 miles
1l hour

13.

14 13,000 gallons
1 trip

5280 feet
1l mile

30,000 gallons

1l acre

17. L million insects

1 trip

1l acre

4 million insects
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19.

20.

2l.

The Egyptian pyramid (Cheops) is 481 feet
tall; the Washington Monument is 555 feet
high; and the Empire State Building is
1472 feet high.

Write ratios which compare the heights
of the:

a. Pyramid of Cheops to the Washington
Monument.

b. Empire State Building to the Pyramid
of Cheops.

About how many times taller is the Empire State Bullding
than the Egyptian Pyramid?

The oceans contain 97.3 per cent of the earth's water supply.
Write this as a ratio. '

Two-cycle engines require a mixture of oil
and gasoline. Some engines require 2
quarts of oil for every 5 gallons of
gasoline.

Write a ratio representing the oil-gas
mixture.

8




ANSWERS (CONT'D.)

o
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\J1
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10, About 3 itimes

L)

0"‘). /7.
100

o1, 2 quarts
5 gallons

Since 5 gallcens = 20 quarts, the ratio could be 2
2

T 25

or
10




LESSON 2

22. The table below shows how different tire aids improve
stopping distances when a car is traveling 20 mph on
glare ice.

Complete the table by writing each ver cent as & ratio.

Tire aid for stopoing {%# Better stopping distance | Ratio
than with regular tires

a. Studded Snow Tires 19%
(rear, new) ‘
b. Studded Snow Tires 31%

(front, rear, new)

c. Tire chains | 50%

A Sea Diver faces the problem

of changing pressure on his body.
To avoid danger, he must adjust
the Kind of air mixture he
breathes and the speed he rises
to the surface.

a. Air pressure at sea level is 14.7 pounds per square inch. . |
Write this as a ratio.

b. For every 33 feet he dives, the pressure is increased 14.7
.pounds per square inch (psi). What ratio represents this?

o . 80




ANSWERS (CONT'D.)

22.

N
L

1 square inch

14.7 psi

Tire aid for stopping |% Better stopping distance Ratio
than with regular tires
a. Studded Snow Tires 19% 19
(rear, new) 12
b, Studded Snow Tires 315 31
(front, rear, new) ' 100
c. Tire chains 509 20
100
L 2 .
a. 14,7 pounds b. 33 feet
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cC.

ek,

27

At a depth of 33 feet, the pressure would be 29.4 psi.
(14.7 psi at O feet + 14.7 psi for the depth of 33 ft.

= 29.4 psi)

What would be the pressure at 66 ft. below sea level?

Depth (ft.) Event
0] Sea level
150 " Normal skin diving limit
275 Deepest hard-hat salvage of a ship
300 Deepest skin dive breathing air
hrs Deepest diving chamber salvage
of a ship
4ooo+ Nuclear submarine depth
35,802 Deepest spot in the ocean

b. What is the ratio of the deepest
chamber salvage to the deepest

hard-hat salvage?

82

/7
7
What is the ratio of the deepest skin

dive to the normal skin diving 1limit?
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il 1 psi

300
150

275




o8 LESSON 3

A PICTURE OF EQUIVALENCE

EQUIVALENT RATIOS

There are many ratios which can represent the same picture.
These ratios are said to be equivalent. Two questions that
might be asked are: (1) How do you know when two ratios are

equivalent? (2) How do you know if two ratios represent the
same picture?

CLASS ACTIVITY

Your teacher will pass out some sheets of paper and discuss
the activity. The purpose of the activity is to fold paper
to illustrate equivalent ratios.

EXERCISES

The rectangles drawn below are like the rectangles you Just
worked with while paper-folding.

The rectangles are the same size overall, and the shaded regions
are of equal size.

R X
[ O
S¢S O

DR




A PICTURE OF EQUIVALENCE

OBJECTIVES

EQUIPMENT AND TEACHING AIDS

A. STUDENT

*1. Sheets of paper for folding to illustrate
equivalent ratios, Pl and P2.

Pl illustrates the equivalence of % s é s
and = ' ‘
.f}2
AEEE et 4 . - 3 6 12
P2 illustrates the equivalence of 2 , = snd ==
5 10 20

B. TEACHER

1. Overhead projector

2. Projection screen

w

Transparency: ARP 3

ARP 3 conteins several overlays which show how
line segments can be drawn to illustrate
equivalent ratios. AKP 2 is an example of the

Kinds oi exarcises the student will be working

il




CONTENT AND APPROACH
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Transparency ARV fnan

ing paper and the Hxored

It is like diagrams A-D at the bottom of student prge 26 in

that as each overlsy ic used, Lhe seauence nrogras:cs 1ibe

v

8]

diagrams A to B to C Lo . Questions similar to thosae ssred

during paper-i'olding chould be used. Transparency ARP
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=
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cxample for exercisec 1-% on student page 29
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LESSON 3 2%

Figure A is divided into two rectangular regions. One
of them is shaded.

a. out of regions is shaded.

b. Write the ratio.

Consider figure B.
a. Into how many regions is figure B separated?
b. How many of the smaller regions are shaded?

c. Write the ratio that represents the situation.

Consider figure C.
a. The number of small regions 1is
b. of the small square regions are shaded.

c. What ratio represents the situation in figure C?

What ratio represents the situation in:
a. figure D?
b. figure E?

c. figure F'?

Each of the six pictures has the same area shaded, but
different ratios have been used to describe the
comparisons.

Different ratios describing the same situation

(each rectangle had the same total area and the
same amount of shading) are called EQUIVALENT RATIOS.

Write the =ix equivalent ratios described by pictures
A, B, C, D, E, F,

88
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LESSON 3

Write the ratio representing the amount of shaded
area to total area for each picture below:

ve 0o ava%a"a”,
QRIIRANS
$a000%0.0. 0.0 e

b. Since each of the ratios you wrote in part a repre-
sent the same size regions, they are called
ratios.

0505
OO
.0.00

3

SR
L X X )
0".'.' v w N

U0
OO

200K
9,92,
79,0,
e’e

"".‘. AN/
OOOOOO
%&&ﬁ&&&

¢S
%%

559

5
%

)
Q)

OO0

)

a. Picture H is represented by the ratio .
b. How do the sizes of the large rectangle compare?
c. How do the sizes of the shaded portions compare?

d. What term applies to the set of ratios representing
pictures H - L?

e. Write the ratios representing I: J: K: L

30




e 4

I-I‘ - }
X
ANSWERS (CONT'D.) £
{ a O 3 b 2 G ——,—
4 & 1o
b. equivalent
7. a. % " b, same area c. <came area
. . ik 8 4 .8
d. equivalent ratio:s e. I: — J: — K: — L —
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LESSON 3

\/IINNNT

Suppose a picture having a shaded region is subdivided sev-

eral times. As you further subdivide, what happens to the

totel area of the figure and to the area of the shaded region?

EXERCISES , CONT’D.

8.

SEPUSVE NS

e e e - o s e i e o

Y SN Ep———

a. In picture A, represent the ratio L by shading.

n

b. Shade the remaining diagrams according to the
table to show that the ratios are equivalent.

Diagram A B C D
113 ]|ats
Ratlo |12 |8 |16

92
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ANSWER TO /POlNT The teotal area of the figure as well
as the area of the shaded region
remains unchanged.

bxercise 8 differs from the previous exercises in that the
figures are given along with the subdivision line segments
The student, then, must provide the shading.

ANSWERS (CONT'D.)

~
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Example:

'igure M has been separated into 3
regions and one of them is shaded.

The ratio represented here is % .

IFigure N has an additional line seg-
ment.

The total number of regions has been
doubled, 6 in all.

Also the number of shaded regions has
been doubled, 2. ~

s

ey

2 2 . R !
The ratio represented here is ¢ - ¢ 18 equivalent to §1because

the overall figures and the shaded portions are equal in}area.

84
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cquivalent ratios given:

requiring the regions to be

2. The set of figures with the
requiring the shading to be

3. The set of figures, shaded,

subdivision line segments.

. 8

PAFullToxt Provided by ERIC

With the completion of exercize ¢, Lhe student has demonstirated

1. The entire set of filgures, s
£ 2

naded and subdivided,
counted.

subdivision line segmnents
done.

requiring

the drawing of




LESSON 3 | 33

Figure R has 6 times the total number of
regions as does figure M, 18.

~t=Ft=F-t-- Figure R also has 6 times as many shaded
regions as figure M, 6.

The ratio represented by R is i% .
The example shows that 1 is equivalent to % and to i% . That
. 1 2 1 6
1§y, = ==and = = — ,
3763718
N and R have the same areas (total and shaded) so % = % .

The total number of regions in R is 3 times the number in N.
Also the number of shaded regions in R is 3 times the number
in N.

36
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b—-————-— RS cmmp ey L

Y y 4

In the pictures above, 2 out of 5 regions have been shaded,
representing the ratio % .

RERIC 97




LESSON 3 . - 35

Pictures X, Y, Z are to be changed to represenrt ratios equiva-

lent to %-(picture W.)

a. Draw a segment in picture X so ghat the regions will
}

15> & ratio equ&valent

be equal in area and represent

to E.

-

b. What is the total number of regions in X now?
¢. How many shided regions are there in X?
d. Write the ratio represented by X.

e. Draw four vertical line segments equally spaced in
picture Y. The total number of regions should be 25.
How many shaded regions are there?

f. What ratio does Y represent now?

g. Draw vertical lines in picture Z to represent the
ratio 15

h. Write the four equivalent ratios discussed in the
exercise.
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LESSON 3

v POINT

1. Vrite the ratios indicated by the following:

a. Iour out of five girls wear rings.

b. A sign read: "Shoe Sale, 15 per cent off".

c. For every 6 boys there are 8 girls.

d. & & & —> # HA#H# ## #

e. My test score was 85 per cent.

f. An iceberg was estimated to be 200 ft. high above
the water and 400 ft. below the surface. What ratio

compares the distance under water to the distance
above water?

= @OO000

2. How do you know if two ratios are equivalent or not?

3. Show that % anad %% aré'equivalent.

‘ ]
., Complete the following to represent the ratio s

5

oo AAAA—

b. out of are green.
c. snade: AAAAAANAANAANN
d. For every  there are
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LESSON 4 ’ ' 37

CANDLES AND RATIOS

PART |

Ratio and proportion is used a great deal when predictions
need to be made. Many experiments involve proportional
relationships. 1In later lessons you will be doing activities
that use proportions.

Your teacher will demonstrate the activity, CANDLES AND JARS,
as part of this lesson. The important things for you to think
about are:

1. An equipment inventory should be made.

2. The entire activity should be read over so
that the purpose and procedure are under-
stood.

. Do the activity carefully.

3
4. TFollow the directions and make predictions.
5

. Think about the results:
a. Are ‘they reasonable?

b. What accounts for differences in the experimental
results and the predicted results?
C. Are these differences acceptable?

d. Would there he any advantage in repeating the
experiment séveral times?
PART 2

EXERCISES

This is an exercise in listening and writing. Your teacher
will read aloud some information and then ask you to write

ratios atout it.

162
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CANDLES AND RATIOS

OBJECTIVES

1. To introduce =ziudants to exnerirental setiviities in
which students apply the idea of ratilo in prediction.
( PART l)

2. After listening to information read

=h

-

the student
11 write the indicated ratios.

o

PART | - EQUIPMENT AND TEACHING AIDS

|
TEACHER E
1. Overhead projector *

2. Projection screen

*3, Transparency: ARP U

ARP &t is a table for recording the dets obtained
when performing the activity, and a table of
values obtained frem in-service groups which the
author directed.

4, 1 small candle with thw:btack and cardboard candle

holder.

5,81 Each ot the following glzss jars: 1 pint, 1 pint,
S0y ¢ _ 5 3

o s PR . . . . ; .
6.7 1 tin can with ¢ viewing window in the side, & large

beanut Lutter jar, or somo large odd-shaped glass jar.
T. 1 Book of nmatches.

8. 1 timer - a2 watch«with & second hend.
]

!

At see top of page T 372

/

/

/_/163

e

S




ERI

Aruitoxt provided by Eic:

jar can be

\ &)

excent the gallon
c

anning jers.

The gellon jar might te obtained Irom the school
caleteria, since tney are restaurant-size food

containers.

*The tin can should ve a 1 or Z-nound cofifee can
with a2 rectangular viewing hole cut in the gide
with the cheapest oi” €in snips. The jrgged edges
should be covered with massing tape and an acetate
vindow taped on with masking'tape. (The acetate

can be & piece oi overhesd projection acetate.)

The window zhould ot be cul in the hottom of
the can because vhen the can is inverted over the

cendle, the acetete will melt.

EXPERIMENTS IN THE CLASSROOM - GENERAL

Your students are not likely to b2 experienced in lab-activity
oriented procedures, ecpecially in a mathematics classrcom.
Based on this assumpiion tnis booikklet presents a developmental

approach to experimental zctivities. You will note that the
development has the following sequence:
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1. Tegeher demonsirarion o one neTivity.
2. Total class perfeorming o singlo activiiy,
individually.
3. A small group of studentz demonztrzting one
— . Nomr
activity before the whole closs,

. Total class performing = single sotiv
smell grouns.

5. Total class verforming two tuccesslve experiments
at stetions and in small giroupe.

The Preparation --

Prior to the day of an éctivity, several considerations must be
made. First, what equipment (ard how much) will be required for
the class? This deteyrmination must be. made sulfficiently in
advance so that equipment can be acguirasd. The equipment might
be obtained within the department or elsewhere in the building,
constructed by the teacher, or by purchase i necessary. At

any rate planmning must be done to avoid a2 last minute rush.

3tudents need to be prepared for sctivity sessions, also. They
may not be experienced in activity-oriented brocedures, especially
in .a mathemetics classroom. ience, some groundwork must be done
to obtain maximum results. The vreparalion should stress:
1. An indication of the nature of ithe experiment.
2. That students will be involved in group activity;
that they will le moving about the room; and what
expectations for sccomplishment tne teacher hnas

for then.

3. The importance of following directions.

L,  They will report their results to the whole class -
(they should be held sccountable for their results.)

by
™
N




i1 pradicting oubconars of Cadluien ot irnerg ol Tl aoTLvnoy
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.y Tnile choulid o ol

should ke made for ountudents Lo vorifly vopredioiions. AN
Lrportent polint to exuress iz thoel pradicilons odten resuli

in specific Ceiber ol veovoviiens o pradict, Cov
exempla, ) The pradiction shoul: o Ioverprsted In frr oxderi-
mental sense. "It should no o cviroslmonoely ogqush to.. . rather

q than "it will be eaual io...

nterpret their resulis in perspactive,

dwarmple:  Suppose nowely ol DL mrane o o0 anringg
Yoinches, EAnoungnove oo dizhee, W, stretchos the

B i T e i 3 L S B RS PR PO S
string 14 inches. Q10 W is pradiciod by U

proportion === = =~ nnd is ocleulsted Lo be

357.5 &

thet W weighs zbout

is fourd Lo be %0 gremo, the student should

ned to accepl the velidity of the zetivity.

‘o ; .
{ Brror is G

The On-Going Activity --

While activities are in nrogross, tne job oif tha tescher is
that of a resource werson snd a director oi learning, Students
should be allowed to gather informsiion ond mare discoveries

on their own. However, the teacher should be availenble to help
those heving difficuliy, cluher voncopinslly or with +the equip-

ment involved.

The group activity secsion vrovides Lhe tencher with o prime

oprortunity to talk ~riih and obicreve vobth individuanls ond omell
groups., The t2scacr chnould Tomur on arcas whore atuio
are having concepntual prebleis, computatilonel 4iffichlties, oo

well as to help improve interversonsl relstliononins and sttltudes.,

©
e

N
4 Le

The personal attention rec ‘ed by individusls ond simnll groups

could do much for the class as o wihole,

ERIC
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The Surmarizetion --

in

often overloored but vitel psriy L :lresroon. Jrounl coeoivily
is the discussion and swimsrizstlon that should Lehe nlaco

immediately following the sncitivity socslion.

The results obtained by the small qrouns should e prosanted

<+ 403 4 - ._1,..(,0 vl ""'(“"T'C'. ~1 ;;,"._'_.\‘. 18 S vy N .’1_,._) ,__!‘,..'1." .x.‘l.
O LIIe endvire clase and gqiseuissed. *..]_)-_,.‘l‘..i Y ) \&L.ro'.. WG UL [

of your students, the menmbers or & [roun i

present their

results and lead the discucoion.

Tne data should be tabuleted in such ¢ wny that tne entire class

can see the findings of @1l the groups. ‘lransparenciocs in

ffollowing are some questions f.aat might be nsihed.

i ©

1. How do the results of the warious groups compare?

2. Whet are the cversge resullsy

(W)

.

Wihat predaictions did you unh

, k.

Aruitoxt provided by Eic:

How did you ma:xe the vredichbionst
5. How do your predichlon: compare with those of

the clase and withh Lhe average experimentnl resnltst
0. What wight account vtor differences belween the
predictions snd the roesulitst  dobween your reculis
and that of snother roun

o

- .. " ! N : . . .
{. How do "error:  croep Into on caperinential sctivity?

Swmerizing provides shudents with the opporiunity to corpsre
and discuss their re.vucts wiltn otnhers, 11 there iz ne Jdiscussion

of the activitie., then wiy ic thend




CONTENT AND APPROACH

In this lesson the experiment is performed sz s demonsiration
e C

Ly the teacher in Tront of theo whole class. T1n this situatlion,
error is rept st 2 nminlmum and idontlical deta is observed by
tae students., Thus the conclurion: boeooy tron thet inn oare
similar and controlled.

.
LRe

o
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o
e
cl—
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The object of the experiment is to determine in

9]

to extinguish & cendle =fter » zlsasgs

5
[
Y
v
»
n
[
0]
(¢f]
r—
Voo
‘)
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o
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(o
Q

ver

J
it. (Theoretically, the times zre provoriionszl to the size of

the jer and hence & graph of ihe dste would e = straight line.

Procedure:

1. Place the gallon jar over the lighted cazndle and
time {in seconds) that the c

( c
the time on the date cheet, transparency
€. Use tne : gallon jar and repeat -tep 1.
3. Fill in the number of halfl-pints eszch jer is eqguivalent to.

<. Besed on the information obtzined thus tar, use nroportions

to predict the time to extinguish the flame Tor the remzining

jars. Record the information in ihe .Lable.
ot

b}
2. Perform the experiment to verify the predictions.
Record the times ta tiie table, ARP L,
-

e
%)
0o

ERIC
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THINGS TO DISCUSS
£ discussion of euperinental creor ood alooronom? LTI en

observed and czleulsted rosulis wen rosulit iy troece 2inds of

rscnonses,

.

. varelecs tendling o conivment coun couco nooncistont resulta.

a. I a2 person holdas the jnor ipvertod wolle woliing
. H N . . ,
for the time: o Sienndy v iy ing o SRR
- . ~ 4
may be 2flectad.,
MR B * - . 4 K - 4 - - 4 M -
L., I there Lo wob o gesl Loiwesn: the Lin ol ther Jor

ond the surfazce it rests unon, Lhe ourning time may

be afleccted.

2. "Brror"' may result because sn attemnt Ls wnede Lo force s
physical situation to fit z precise matnematice
A mathematicel model (in this case, preportions
is used as cn attenpt to describe the beohovior
variety of 2xperimentsl ovcervaetions.,  tersons may try

to make the cectusl vine moteon the sroedictaod tihme,

5. 'Phe volwre of & Tquuris Jjor erxceoeds 1 ogunrt when the volume

o~

iz conzidered =11 the wav to the lin of the jar. The "excess"

= volume varies ag the sise and chzpe of the jar varies.
L. The candle displanren come =ir in ihe oy, sffecetling the

5. After z Jjer has been used once it contelns the remnnants

of burninz, ond rill

ng the jsr withn "good” civ ney not

=
o
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Add your resulis to Ui toule
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SIMPLIFYING RATIOS

communicate. Gear, pulley,

are written in simplest form.

equivalent.

DIVISION METHOD

This method depends upon
the idea that division by

1 does not change the wvalue
of a number:; and that a
nunrber divided by itself
(except 0) is 1.

For instance: 15 + 1 = 15
5.1
5
Example 1:
12
Simplify —
pLiiy 18
lg-}l:lg:i.
18 18 6

(Since 12 and 18 are both
divisible by 6 and

6
2 =1
z )
_ 12 ¢ 6
16 ¢ 6
= 2
3
Therefore lg 2
18 3

MORE ABOUT EQUIVALENCE

Simplified ratios are used mainly because they help people
recipe, oil-gas,

ratios could be used and a person might not recognize them as

il4

LZSSON 5

and other ratios
Otherwise any number of equivalent

FACTORING METHOD

The factoring method depends
upon your ability to factor
nunbers into primes and your
understanding of multiplying
fractional numbers.

For instance, if E-. 3_4-3 R
3 5.3

then we must agree that

-3 b 3

5-3 5 3

Example 1:

Simplify =2 .
18 .
by factoring: l2 _2-2-3
18 2.3.3
2'2'3=20302
2.3.3 2.3.3
=2-3 2
23 3
2
=1 . =
3
=2
3
Therefore 2 _2,
18 3
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LESSON 5

DIV. METHOD (cont'd.) FACT. METHOD (cont'd.)

Example 2: Example 2:

. . 3G
Simplify 32 Simplify —=°

120 120

—36— ':'l=i6—*l-2- factoring: 36 . _2°2-3-3
120 120 12 120 2.2.2.3.5
.:36%—12 2-2.3.3 _ 2-2-3-3
120 + 12 2.2.2.3.5 2:.2:.3.2.5

3 - 2-2-3 3
- 1o 2.2
36

Therefore =— = =2 ' 10
120 10

36 _ 3

Therefore =— = .
120 10

EXERCISES |

Simplify each of the following ratios.

. 6 6 8 ' 15 8
) 2. & -1 s, 1B . 8

4 1 8 ] 3 10 o1 5 12
6., 2+ g g, L . B8 10. 20
30 ! ° 28 > 2L

12 16 10 8 16

1. 2 31, 16 . 0 S . 16
16 ou 13 15 14 15 15 10

16. =2 17. &L 18, 18 19. 32 50, 24

21 28 3L 20 16
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EQUIVALENT RATIOS

LESSON 5

Ratlios can be shown equivalent without using pictures.

CULTIPLICATION METHGD

7 both the nuwmerator and

I
d=nominator are muliinlied

by the cezme number, the
result is an esquivalent

ratio.

Therefore

iz equivalent to %-l
since 5 = 1). Hultiplying
a2 number by 1 does not
chenge the value so an
equivazlent ratio iz obtained.

FACTORING METHOD

3
then this must be true:

4.3 _ 4.3

—

5:3 5 3°

If we agree that %ﬂé =

Example

gol =

3

15

This example can be worked
"hackwards":

10 . 2 .
5 —= (by factoring)
(using the
definition of
multiplication)

10

Therefore )




EQUIVALENT RATIOS

This section discusses several methods to determrins whether
or not two ratios are eguivalent. Similar to the previous
section, the students are not recuired to xnow =21l of the
methods. 1Instead they should use the method thst does the
Job for them.

It i1s necessary thot the students he given = suffici

i
ver of exaemples and that explsznstions are made carefully and
en

thoroughly. The examples in this lesson were not intended to
stand @lone but are to be en zid in discussion.

Select appropriate ratios rrom cormon everyday experiences to
illustrate the »oint being discusszed.

For example, if orange juice is priced 3 cans for 98¢, then

_ S . 3 f
cans would cost £1.90. The ratios = znd 2 are
. Qé 106
equivalent.

Another example could be taren {rom the Candle and Jars ex-
periment to illustrate equivalence.




LESSON 5 n

MULT. METHOD (cont'd.) FACT. METHOD (cont'd.)

Example 2: Example
8 2
10

8

10

Look at examples 1 and 2.

If both 2 and 2 are

6 18

egquivalent to 1 s then

2 6

6 18

Therefore

Example 3:
L 2 12

6 18

‘7
(= means "Are they equal?")

Since 12 + 4 = 3,

multiply E-- 3.1

6 3 18

12

Therefore = ==
18




h2

DIVISION METHOD

Dividing a number by 1 does

not change its value.

Example 1:

1022
15 = 3
10 _10.,
15 ~ 15 -
=10 .5
15 - 5
(since 10 and 15 can both

be divided by

5)

_0+5_2
15 +5" 3
10 _ g.
Therefore 5 =3
Example 2:
27 2 3
b -F
(27 and 36 can both be
divided by 9)
27 .. 9 _ 27 +9
%+4=553
_ 3
- I
Therefore %% = %'

LESSON 5

FACT. METHOD (cont'd.)

Example U4:
48 2 60
72 ~ 90
48 _2.2.2.2.3
T2 = 2.2:2:3-3
and
60 _2.2.3.5
0 T 2:3-3°5
2-2:2:3 22 2:3:5 2
2.2-2:3 3~ 2.3°5
22,.2
1 3 = 1 3
2.2
373
Therefore %% = g%-

122




LESSON 5

EXERCISES 2

Choose the method you want to use and show which of the

following pairs of ratios are equivalent.

Circle the pairs of ratios that are equivalent.

l.

Vo lle)

9.

10.

11.

12.

13.

14,

15.

16.

7 236
T =16
8 216
12 -~ 2§
30 2 10
36713
1829
10 6
42 20
g7
25215
10 2
18 2 6
207 7
28 27
20 © 5

43




ANSWERS TO EXERCISES 2

3.

s

5.

6.
9236

T 157 k6

10.

11.

12.

13.

14,

15.

16.

T 43




bl , LESSON 6

MEASURING LEAVES

23 29

N
I Y CLASS ACTIVITY
N For this activity you will be working by yourself.
—&
— Read over the activity before beginning to do any measuring.
—N
—0 Equipment Inventory: 1 ruler graduated in half-centimeters
N~ (cm.), at least 8 leaves from the same
© plant.
"o
.-
. 4 o :
—_— p- 3 Activity:
—m —
— o~ E 1. Measure the length and width of 4
- © leaves,
—_—= N a. If you do not have real
_— % leaves, use those on the
R N next page. .
b. Measure to the nearest
) half centimeter. Cut the
—m® ruler from the left margin
— of this page.
—_—
S c. Record your measurements and
—¢0 complete the table at the
R bottom of the next page.
—)
Em—
—_—
— N
—0




LESGon 6
MEASURING LEAVES

OBJECTIVES

1. To involve the student in 2uperimentzl zctivities
in which students svply the ides of ratio in

prediction.

Given the ratio of length to width of a particular
type »f leal, the ztudent shazll be able to predict
the width of s leaf upon measuring the length.

EQUIPMENT AND TEACHING AIDS

STUDENT

A, 1" it is the teachner's decire to use actual leaves
rather than ithe reproducztions in the booklet, ap-
proximately 10 leaves the style of elm leaves as

opposed to maple leaves will be needed.

*¥2. 1 ruler grsduated in half-centimeters.

CONTENT AND APPROACH

Refer to the discussior on the laboratory-activity approach
beginning on page T 37..

. PAFullText Provided by ERIC




T Lha

The students are to measure the length and width of the leaves
to the nearest half-centimeter.

One of the important aspects of the activity is the predicting
that the students are to perform. Often a student will measure
all of the lengths and widths in order to complete the answer
spaces rather thin do the predicting and verifying requested.
The object of the activity is to use ratios to predict.

As a
result you should promote the spirit cf the lesson to ensure
its success.




LESSON 6 L5

AMERICAN ELM LEAVES

Leaf alb c | d
Length (cm.)
Width (cm.)

Ratio: Length
Width

Q A3

§FRIC 18




ANSWERS TO EXERCISES

Lzar & b o 4
Length (em.) |41 3] 5] 5
Width (cm.) 2 {1k {23 ]2
Ratio; =eneti 13 15 |5

width |2 |13 2% |22

129




L LESSON 6

4 )

2. FPFind the gverag: of the four retios in this way:

z. Cnange zach ratio 1o decdmel form by dividing the
denowinator intc the nwnerator.
Mreamnle: 1.8
= c¢cen be written in 4Y5.00
i 1
. , L
>%3 - . . N . ———
T ‘ decimal form by dividing 10
s

]
o
0
o}

Leaf a [
==l — |

Ratio

Decimal

b. Add the 4 decimal values =

c. Average: Swr v U o=

3. Measure the widths of 4 other leaves from the same plant
used in part 1.

Leaf € f o h
m—

Width (cm.)

b, Predict the lengths of the 4 leaves using the "average
ratio.

Length = width  average ratio.

Leaf e £ g h

= =

Predicted Length

Measured Length

PAFulToxt Provided by ERIC
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=
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ANSWERS (CONT'D.)

2. Leaf a b c a
413 5 5

Ratio -] = <y =

21 | 25| 2L

Decimel 2 2 2 2

b. Add the 4 decimal values = &

c. Average: Sum+ 4 = 2

Leaf e

o=
no
no
n

Width (cm.)}2

Leaf e T g h

Predicted Length | 5 | 4

Measured Length 5 4 4 L




Leaf

SHAGBARK HICKORY LE

Length (cm.)

Leaf

Measured
Width

Width (cm.)
Ratio: Length
Width

Predicted
Length

Decimal

Measured
Length

AVES




ANSWERS (CONT’'D.)

Leaf e f g h
Measured

Width 2 12 J2; o}
poeateted | nafsafs.ed 5o
Measured : N
Length 3z | 4 6 i

6.

Leaf a b ¢ da

Length (em.) |5 |71 7 (6

Width (em.) 23 I3 ) 3 |3

Ratio; Length _.rz_. ll AR Y
width | 25]3z}] 3 3

Decimal 2 2 12.3}) 2

Average Ratio 8.2+ L 2.1

(NOTE: Student page 48 and Teacher page T 48 are blank.)




LESSON 7

ROAST BEEF AND THE WEATHER

PROPORTION

A useful tool in solving problems is equivalent rat.os.

Equivalent ratios written I,Like this, 2 - é > have another name.
The whole expression, % = -c93 >, is called a proportion.

A PROPORTIONIS A STATEMENT THAT TWO RATIOS ARE EQUIVALENT.

Other examples of proportions are: % = 6 2 = -]:%, % = %

(00

-
|—-|
(@]
n

Each of the above are true proportions because each is a pair
of equivalent ratios.

A false proportion is one where the ratios are not equivalent.

Examples are: %=%, %:%, %-%

v’ POINT

How can you tell whether or not a proportion is a true state-
ment? '

EXERCISES |

Circle each true proportion.

2 4 3 9 2 4 18 6
1. £=2 2., 2= L . === L, = =2
3 6 7T 21 3 5 8 33 1.1
1 _ 5 5 _ 25 L 16 6 9
5. = = =2 6., 2 =<2 . == = 8. ==L
3 14 3 15 [ 5 20 8 12




ROAST BEEF AND THE WEATHER

OBJECTIVES

Given a proportion, tne student shall
a. Determine ii it is +true or false.

b. Solve the prorortion for the missing member.

2. Given a problem situation, the student shall write
proportion that could be used to solve the problem.

a

EQUIPMENT AND TEACHING AIDS

TEACHER

l. Overnead projector
2. Projection screen
*¥3. Transparency: ARP 7

ARP 7 illustrates example 3 on page 5l.

ANSWER TO ¥POINT Use paper folding, sketches of rectangles,
multiplication method, division method, or
factoring method.

ANSWERS TO EXERCISES |



50 LESSON 7
4L 16 5 12 18 27 10
= 16 10. 2 =12 11, 18 .27 12, L0 _

9 =Ty 6 9 26 39 18
8 12 14 7 15 10 6

. = === i, ==4= 15, = = = 16, —
B T a 8 3 ’* 50 18 1L

Proportions are useful in solving problems and making predic-
tions in experiments. If three members of a proportion are
known, the fourth can be found by using equivalent ratios.

Example 1: i'ind N in the proportion

w

- N so that it makes
12 *
2 true proportion.

Remember, a proportion is a statement that two
ratios are equivalent.
b_ &

X = = s
h 12

W |ro

Multiplying- a number by 1 does not change its value. A new
form is obtained called an equivalent ratio.

2 D . 2x N
3 E] 3% 12

2

X1 =

In this case,

Since 3 X E] = 12, the number we want
is the solution of 12 + 3 =[] or 4.

196




ANSWERS (CONT'D.)

I : 1a qs
9. =2 10. 11. 12, 1L i
12 4 TR
b7 . . .

o wo WL B g L2

CONTENT AND APPROACH

PROPORTION

Proportions are used in meking predictions and some of the
students will apply proportionality automatically. Take the
opportunity provided by their intuitive knowledge to define
proportion. Then use proportion to solve some of the questions
posed by the experiments. The method of solution of proportions
here is equivalent ratios (The crosgs-product method will be
discussed in Lesson ¢). Use specific examples..

In this lesson proportions where all four terms are known sre

referred to as true or false proportions (comparable to equa-
tions).

If one term of the proportion is a variable, it is thought of
as an open proportion. When the variable is replaced by a number

2
then the truth or falsity of the proportion can be determined.

In Exercises 1, =tne student determines if the proportion is
true or false in the same way as he determined whether two
ratios were equivalent.

v




LESSON 7

Example 2:

Example 3:

Example U4:

51

|_l
n
{
W
L]
F
n
(o]
|
X
|_l
il
w |
X
==
1}
w o
X | X
[Hi=]
i |

Therefore, N = 8.

B_oM | gince 21+ 7 = 3, miltiply by 3 .
7 21 7 3
Then 2 x 3 =212 | 5o M =12,

T 3

If a weight of 5 ounce:z stretches a spring 3
centimeters, and some unknown weight W stretches
the spring 12 cm., how much is W?

A proportion expressing this problem is % = L
12

Here 1 is expressed by % , and W is 20,

A weight of 20 oz. stretches a spring 15 cm.
What weight W stretches the same spring 3 cm.?

% = ‘;—J- is the proportion to be solved.

In this case division by 1 can be used.

20 . 5_4
5 3

15

Since 15 + 5 is 3 and dividing by 1 does not
change the value of a number, we must divide
20 by 5 and find out that W = 4,

148

I T
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THINGS TO DISCUSS

1.

a0

— = =< is & stated pronorition, bLiaced on ithe deflinition.

We say that &, b snd ¢, d are proporiional. Ifm, n a
%, y arc proportional, ihen = = = |
n Vi

[Y,

T a c S 4 - T a . C ~ 3 3% v 4 .o
Iz g = 3 s true, then — and — are equivalent ratios.
y b cl

To test & steied proporition to see i it 1s true, deter-

mine irf % and % are cqulvalent vatlos.,
( .

If three members of & proportion are known, then the
fourth member can be found, based on our knowledge of
equivalent ratios.

Proportions sre usciul in meking predictions like those

asked for in the experiment. It will have to be pointed
out that the situation dictales how the proportion is to
be set up.

A key point here is that the ctudents need help in setting
up proportions. They may be able to write ratios properly,
but if the members are noit compared in the proper order,
the proportionality will be incorrect. It is hoped class
discussion will help *hem, and that positive results are
manifested in thi:s lesson,

Use the experiments to illustrate how proportions are used
in making predictions.




52 LESSON 7

EXERCISES 2

Solve each proportion for the missing member.

8 2b 5 15 36 12 20 B

X 3 10 bo 9 27 6 T
¢, 2 =2 10, 2 _1X 11, N .25 12, 2 - B

7T 35 20 5 .8 ho 6 36

PROPORTIONS AND POOL TABLES

The length and width of a regulation pool table are in the

ratio of 2 .

1l

A regulation table that is
88" long is 44" wide.

140




ANSWERS TO EXERCISES 2

1. N=o 2. =12 3. H= 8 ok
L X = 12 6. o 7 W = 21 T o= ol
9 N = 25 10 N =3 11, N = & 12. N = 84

CONTENT AND APPROACH

PROPORTIONS AND POOL TABLES

The objective of this portion of the lesson is to illustrate
the ways in which a proportion can be set up correctly to

solve a particular problem. The pool table ic used as a tool
for getting at this notion.
This objective is illustrated by the
following example as to hovwi proportions
can be written for the two rectangles at
the right. : : 4
3

3 2 4 x
l., == = or - = =

hoox 3 2 2 X

2 3.2 or 2
2 3

=




TESZON Y

EYERCISES 3

SEVERAL PROPOR TIONS

binen proportions are used to determine unknown values, there

is more then one way to set up the proportion. Not zll of
them are correct ways.

For example, let's think about pool tables. Since all regu-

lation tebles nave lengths and widths in the ratio of 2 ,
regulation pool tables are proportional.

44 35
88 70
A. One way the proportion can be written is
88 710 length _ length
= s = .
by .35 width width
B. Another way to write the proportion is
88 _ u4 length _ width
70 35 °

length width

o 42

53

Seme waosures of othoer reraletion pocl tables are glven Find
the missing meazures.
Tk e Lenath HWidth
1
L
0 41
O




ANSWERS TO EXERCISES 3

Length

SEVERAL PROPORTIONS

Referring to the previous example:

It is iImportant that the student
understands the alternate ways to

write the proportion so the incorrecct
representations such as

3
4

- = ,i are not used.
4




51 LESSON 7

EXERCISES 4

Each exercise of the table below contains the measures of
two items. They are proportional. One ratio is given and
you are to write the second ratio to form a proportion.

First Second
Exercise Item B - :
Ratio Ratio
35 miles, 3 gal. 52.5 miles, 4.5 gal. %?
“5 degfees, 30 min. 12 min., 2 degrees %
-
3 7.5 zips, 4.5 zaps |5 zips, 3 zaps 723
4 6 ft.long,4 ft. wide| 10 ft.wide,15 ft.long %
5 17x, 23y 4.25x, 5.75y 20
6 30 days, 6 jobs 10 days, 2 jobs f%

~ DISCUSSION QUESTIONS

1. How are the numerator and denominator related for each
ratio in proportion A? (Bottom of page 53.)

2. In proportion A, how do the numerators compare? The
denominators?

3. How are the numerator and denominator related for each
ratio in proportion B? (Bottom of page 53.)

4, 1In proportion B, how do the numerators compare? The
denominators?

5. What is the most important thing you must consider when
setting up a proportion?

i44
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ANSWERS TO EXERCISES 4

22.5 o 30 3, 3
4.5 12 .5
10 5. L2 6. &
15 17 30

ANSWERS TO DISCUSSION QUESTIONS

1.

o

The numerator and denominator of each ratio contain the

measures of one table. Each ratio is related to a single
table.

Both numerators are measures of length. Both denominators
are measures of width. The important idea is that both
denominators (or both numerators) contain measures of the
same kind (length or width).

The numerator and denominator of a ratio contain mesasures
of the same kind (length or width).

The numerators contain measures from the same object
(length and width).

If the first ratio contained the measures from one object,
then the second ratio would contain measures from the second
object. The numerators (and denominators) would contain

the corresponding measures of the two objects. If the first
ratio contained the corresponding measures from the two ob-
Jects, then the second ratio would contain the other cor-
responding measures in which we are interested. Both numer-

ators (and denominators) would contain measures from the
same object.
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PROBLEM SOLVING USING PROPORTIONS

Using proportions to solve problems is a valuable tool, and
the following exercises will give you practice in setting up
proportions.

Before writing proportions, you should ask yourself:

(1) What guantities are involved?
(2) What is the unknown quantity?

EXERCISES 5

Read each exercise carefully and write only the proportion
that you would use to solve the problem. Do not take the
time to find the actual answer to the problen,

1. A car travels 96 miles
on 6 gallons of gasoline.
i Sl ey s How far could it go on
i L HHHCE ) oL gal.?

2. Roast beef resquires a
cooking time of 20
minutes per pound.

How many minutes
would be required to
cook a 5% pound roast?

3. One cubic oot of water equals 7.48 gallons and weighs
62.5 pounds. How much does 1 gallon of water weigh?

jRiC 146




PROBLEM SOLVING USING PROPORTIONS

Students need help and practice in setting up a provortion
which is to be used in solving & problem. Tor this reason the
student is asked to set up the proportions only. In a later

set of exercises the students come vack here to actuelly
calculate the solufbions.

It is important that either the students or the teacher retain
this set of exercises for future work.

ANSWERS TO EXERCISES §

1. &2 . X
6 o

A 20 X

c. _— = ——
1 5.5

3 .48 _ 1
62.5 X
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L, Garden hose varies in ¢ize according to tic
diameter of the opening. A %-inch hose
will deliver 31 gallons per minute. A lawn
needs Tilh gal. of water for each 1000 sq. ft.

~of lawn. How many minutes would it take to
squirt 744 gal. of water?

N
. A %-in. hose will deliver only 10.5 gal. per minute.
How long would this hose take to produce T4 gallons
of water?

6. Pulleys are used to help people
1ift heavy loads. The pulley
system shown works like this:
To 1ift a load of 24 lbs., you
would have to exert a 6 1b.
pull, How many pounds pull
would you have to exert to 1lift
a 600 1lb. car engine?

7. A car travcling 65 wmph is
going at the rate of &8
feet per second. FFind the
rate of a car in feet per
second when it travels
50 mph.

. FRIC . 148




ANSWERS (CONT'D.)

3_1_=7Lm
1 b4




“. PMost countries use the
metric system for measuring.
This means they measure
speeds in kilometers per
hour. A car traveling
50 mph is going at the
rate of 80 km. per hour.
What speed in mph would &

car be going if it traveled

’ at 120 km. per hour?

9. The speed of ships is
measured in knots. A knot
is one nautical mile per
hour. Nautical and land
miles are different. A
speed of 20 knots is 23
mph. How many mph will
an aircraft carrier be
going if it travels at

top speed, 30 knots?

10. The marine weather bureau gives wind speed in knots. If

they forecast wind speeds up to 55 knots, how many mph
would this be?

DISCUSSION QUESTION

Jim Ryan can run the mile in 4 minutes. How long will it take

him to run 7 miles? What do you think of the reasonableness
of this question?

ERIC . 199




ANSWERS (CONT'D.)

g, 20 . _X_
80 120

ANSWER TO DISCUSSION QUESTION

It will take longer than the proportion suggests. Some situations

which on the surface appear to be proportional are not. The
purpose of this question is to point this out.
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l. Write the proportion that would be used to solve each
problem.

a. The Imperial gallon is used in Canada.

2. Circle the pairs of ratios that

than the U.S. gallon.
there are 6 U.S. gallons.

in the U.S.?

United States Nickels are made of copper and nickel.

of nickel is used.
If 14 pounds of copper are to be used for making

For every 3 oz. of copper, 1 oz.

Nickels, how much nickel is required?

b _ 20 15 _ 18
&. 3§~ 15 b. 16 T 12
3. Circle the proportions that are true.
912 12 _ 8
a. 67~ 10 b. I8 T 135
4y, Simplify the following ratios:
10 24
2. 18 b. 15
5. Solve these proportions for N.
5 N 6 _ 24
& B~ To b. To T W

It is larger

are equivalent.

For every 5 Imperial gallons,

: 17 gallons of gasoline
purchased in Canada would be equal to how many gallons

14 _ 35
18 = L5
7 28
11 ~ L3
28

36

12 9
N T 6




ANSWER TOVPOINT

5
6

1

17
X

14
x

b. C
b o, L ED
11 :
b, = o, I
o H
b. N = 40 c. W= 5
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THE BOUNCER

Several students will demonstrate this activity for the whole
class. If you are one of those who perform this activity,
prepare yourself and do a good job. If you are watching the
demonstration, think about how an activity should be prepared
for, how it should be carried out, and be ready to participate
in the summary of the activity. ‘

CLASS ACTIVITY

Read over the activity before beginning the demonstration.

Tell the rest of the students what the activity is about.

The purpose of this activity is to determine the height a
ball will bounce when dropped from various distances from the
floor. Use this information, in a proportion to predict the
height the ball will bounce when dropped from other positions.

Equipment Inventory: 1 ball (golf ball, tennis ball, super
ball, etc.)

1 yardstick




THE BOUNCER

OBJECTIVES

1. Given an experimental situstion, the student shall
use ratios, equivazlent ratios, proportions, und tne
solution of proportions to make prediztlons ol sddi-
tional trisls of the experiment.

2. Given the components of a proportion which are based
on a problem situation, the student shall form & valid

<

proportion.

(W)

If a group of students are presented an activity situation,
they will demonstrate znd discuss the activity before t
remainder of the class.

EQUIPMENT AND TEACHING AIDS

! a - - . - - .
#1. 1 ball - a golf ball, tennis vball or a suver ball.

4
e

. 1 yardstick

CONTENT AND APPROACH

g The activity involves students working as a group in g controlled
situation. Three or our students should be selected to periorn
the activity as a demenstration. This sctivity moves the class
a step closer tc group work and its chifts the responsibility

. for the activity from teacher to student. -

ERIC 155




Activity:

1. Hold the yardstick against the wall
perpendicular to the floor with the

O-inch mark at the floor.

2. Drop the ball from a Height (H) of 40 inches. How far
did it rise on the first bounce?

3. Drop the ball from 40 inches several times and record
your best judgment of the heignt (h) it bounces.

Height ball dropped from),
height ball bounces

4, Write the ratio, % (

5. Use proportions to predict : . |
. ; Helght dropped f| o5 | 50 | 72
the missing values in the from, H iiches
table. Predicted h
after first
bounce

Height, 20 50 T2
6. Check your results by H inches
performing the experiment.
Experimental
results, h




Since results will vary from experiment to experiment,
no results are provided.

PAFulToxt Provided by ERIC
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7. Use proportions to predict the missing values in the
table. Note: In this part you are given the height

of the bounce, and you are predicting where the ball
was dropped from.

height after
first bounce 30 45 60

Predicted H

8. Check your results by performing the experiment.
height "~ 30] 45|60
h, inches
Experimental
results,

9. What effect might a different kind of flooring or different
ball have on the amount of bounce?

. 108




ANSWER

9. Different materials cause different reactions, but for =
given ball and a given floor the results are linear.



62 ' LESSON 9

THE CROSS-PROBUCT

The Cross-Product is used to solve proportions when one
number is unknown. It is also used to test whether or not
a proportion is true,

Some proportions do not have easy numbers to work with, like
Q
g = %% . It is not an easy job to find out what number

multiplied by 9 equals 21,

So we will look at another way to test proportions, the
Cross-Product.

COMPARING RATIOS
Example 1:

Is the proportion

NN

= 3 true?
9

The description of the model given below along with your

teacher's explanation should allow you to see how the model
works.

1. Shade two rectangles; each to represent one of the ratios.
(The rectangles are the same size.)

O jw
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THE CROSS-PRODUCT

OBJECTIVES
Given a proportion, the student shell
a2, Determine if it is true or false using ihe
crocs-product method.

b. Solve the nroportion for the missing wember
using the cross-product method.

EQUIPMENT AND TEACHING AIDS
TEACHER

1. Overhead projector

2. Projection screen

3. Transparency: ARP 2

ARP @ 1llustretes the cross-product model, similar
de

2
to the examples on nages (2--5, and contains two

examples. The static acetate sheet shows the rec-
“tangles that represent the ratios before they are
superimposed. When the overlsy is put in place, ihe
rectangles contain both horizontal and wvertical lines
which allow the small shaded regions to be counted.
Then it can be deterymined whether or not the ratios
are equivalent.
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2., Slide the two rectangles together so they coincide.
Thie lines from the first rectangle are to ue

z transferred
to the second, and the lines from the second to the

first. \\\& K//

SN NS Vot
b~~~

4

P A

\

3. Separ.te the two rcctangles and wr: te the ratio each re-

presents now. \\\‘

= n Y
Aok & . J
% ) ¢ ’ X, .l !

18 18
54 54

The rectangles are now cut into the same number 0f rzgions,
54,  The shaded areas have different shapes, but each is
cut up into 18 small regions of equal size.

Each rectangle represents l§ . Since the rectangles are

the same as at the beginning except for the number of
regions drawn, 2.3

6 9 °

ERIC | 162




NOTE: Through the Jenersli Tonrnirng “oopoarsilon,
the Hntional Counclil of Teachers of lMathe-
matics has produced & [ilm {approzimztely
10 minmtes; Lllustrating the ldess in

.

ITesson &, ‘The [ilv, Cowporing Retlonal

-

i
Waon

~
O
!

Humber.: (ihe denie 509

dueod oy oclopeniory

it i o cartoon~iyve 'iim ownien

v

well in the Junior hipgh vchool., T 0o

availloable »4 tine Sodland Schools fiim

Tivrary, ils mesber 1000,

CONTENT AND APPROACH

<

The cross-product application to soluticn ol proportions is

justified by the model used in the student text.

Since the cross-products oi’ 2ll trus proporiions yield cqual

answers, and of all falsc proportions yield unequal answers,

the cross-product method is al:zo of velue when comparing ratios.

COMPARING RATIOS

The number of small rectangles in ezch figure is the vehicle
used to point out the eguivalence {or non-equivalence) of two

given ratios.
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-~

\
.

Example

N

{j+0
o2y (O8]

=00

Draw rectangles to represent each of the ratios, slide them
together, and pull them apart with each rectangle containing
' the horizontal and vertical lines.

2
il
K .:0:0:1 :0:0:1 :o . O
Then =

=
|
oW




Example: = = (Tne ration sve arowsed

cordivalent oo bhie outoet,

™~

A

3

i T S
Bl e s N

|

>

=

Two rectangles are used, one {or each ratio. Une rectnngle
is lined horirzontally and shaded to represent cne vatlilo, and
the other rectangle is lined vertically and shaded to represent

the other ratio.

The two rectangles are superimposed and the line zegments nre
"transferred" to both rectangles so that each 1z divided into
the same number of equal-sized reglons. This corresnmonds to
the common denominator of' the two ratios.

The number of shaded regions in each rectangle are counted.

If the number of small regions is the same for each rectangle,
the ratios are equivalent. If the number of reglons are unequal,
the ratios are not equivalent.

Aruitoxt provided by Eic:
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Example 3:
2285
3 8
It
il
2 6 §;§ 4
3 8 2 {
(
16 18
2k , 2l
16 , 18 .2 _6
Since ol 24 , the proportion 3 =3 is false.
EXERCISES |

Draw diagrams like those above to determine whether the pro-
portions are true or false. A worksheet can be found on page
129 for you to show your work.
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THE CROSS-PRODUCT MODEL
The rectangle model can be used to illustrate the idea of

cross-product. The cross-product is a quick way to calculate
whether or not a proportion is true.

Example 1:

You found out in Exercises 1 that the proportion %: —2— is
true. The rectangles looked like this,

w [

00 (00 90 00500,
DO
...o‘ 0%’ Po%® %40.8,8,0, 0T

W e N

The shaded portion of the left hand rectangle is 2 units by 6
units (2 x 6). The shaded portion of the right hand rectangle
is 3 units by 4 units (3 x 4).

Notice that 2 X 6 = 12 and 3 X 4 = 12. Twelve is the numerator
of both ratios above.

Also notice 12\ /712

2~ _ 4

37— 6
The length and width The length and width of
of the shaded portion '&2 4/" the shaded portion of one
of one rectangle, 3-> = :6' rectangle.

69 -
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THE CROSS-PRODUCT MODEL

Af'ter the rectangles have bLecn suvevimposad el ceporvelod agoain,
the number of small roerions i ocaoin rectoaresdos e oo found by

multiplying the musher ot coluros by the oenlor 0 v,
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It will be noted that ractors yvconr to Find i viondat aress

are the same factors used in the cross-proau:t.
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Multiplying as shown by the arrows is a quick way to find

the numerators of the ratios, which are both %—223— .

Example 2:

He0

0w

Look at example 1 on page 62.

(ex¥ 1)V

18\ /18

\_/
— e

TN
O jw

Since both products are 18, the ratios are equivalent and the
proportion is true.

18 is the numerator of the ratio 18 .

54
Example 3:
Look at example 3 on page 65. %Z _g_
16 18
V\ /T
g_\ =/§_
3~ =8
. 2 46
Since the products are unlike, 16 and 18, 3 # g
16 and 18 are the numerators of g and %-181-

i

L e e
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GIVEN A PROPORTION, IF THE CROSS-PRODUCTS
ARE EQUAL, THEN IT IS A TRUE PROPORTION.

IF THE CROSS-PRODUCTS ARE NOT EQUAL, THEN
THE PROPORTION IS FALSE.

The "cross-product" method can be used

to test whether or not a proportion is
true. (This means that you can test
whether or not two ratios are equivalent.)

EXERCISES 2

Find out if the following proportions are true or false.

Circle the true proportions.

> 8 12 4 _ 6 10 _ 30
1, 1=22 2, ==12 . 2=2 y, 9. 30
7 35 10 15 3 6 8 L 10
9 - 15 6. 8 .54 10 _3 g 1 _35
" 137 20 5 26 T 15 52 " 20 50
o7 18 21 9 3 20 27 63
o 12 9 32 15 37.5 8 22
/ POINT
How is the cross-product used to show whether or not a proportion
is true? | .

e | iR




ANSWERS TO EXERCISES 2

9 10, ¥ . 4, 8_32
21 ¢ 37 20
13, 2.7 gy 4 _ A8 15. 16. .35
21 12 9 32 8 22
ANSWERS TO V'POINT If the cross-products are equal, the

proportion is true. If they are not
equal, it is a false proportion.

RIRIC i3
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SOLVING PROPORTIONS USING THE CROSS-PRODUCT

Some proporticns that come from experiments and other problems
contain numbers quite difficult to work with if you do not use
the éross-product method for solution.

wxample 1:

If a certain rubber ball bounces 6 inches when dropped from a
height of 10 inches, how far will it bounce when dropped from
15 inches?

16—n = 1—8- There is no convenient number to
* multiply by 10 to get 18.
tIsing the cross-product method: 1C *w /'108
10"_&18
%
10+ x = 6 .18
10 - x = 108
108
X = ==
10
X = 10.8 inches

The ball bounces 10.8 inches when dropped from
18 inches. ‘
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SOLVING PROPORTIONS USING T|:|E CROSS-PRODUCT

The point of the cross-product method is to:

1. Give students facility in testing whether a
proportion is true or false (and therefore if
two ratios are equivalent or not.)

2. Enable students to solve the many proportionality
problems that involve "inconvenient" values.

Example: &-= —_—
5

If the situation involves proportionality, then the ratios must
be equivalent.

Then the products 4 x 15 and 5 X N must be equal.

If 4 X15=5xN, then 60 =5 x N and ¥ = 12.

If 60 =5XN, then N =60+ §

An example or two like the one above should provide students
the understanding necessary to solve proportions.




Lrample 2:

S50lve for N.

EXERCISES 3

) 2 N
1. £ = —
6 15
o 18 _ N
3 3
9, 25 . N
75 300
13, 18 _ 54
27 N
EXERCISES 4

2.

6.

10.

14,

3 -
5
« N =3
5N = 96
N = 26

N = 19% or 19.2

50lve these proportions for N:

2. N

7 20

N _10
12 1
LN
8 10
7 _24.5
22 N

176

11.

15.

Go back to page 55 and solve the problems
the proportions you wrote there.

w | oo
u

NS,
1

LESSON 9

N I T - lé
20 " 10 N

N g, 0 _145
20 " 18 N

_ Lo 1. & . N
100 8 75

- N 45 6.5_ N
20.5 0 110

completely by solving




ANSWERS TO EXERCISES 3

1. N 2. . 53.33

16.66
14
81 . . 9.8k
ANSWERS TO EXER CISES 4

(Solutions to proportions written in Exercises I, page 55.)

384 miles 2. 110 minutes 3. 8.36
24 minutes 5. 70.86 minutes 6. 150 pounds

73.33 f4./sec. 8. 75 mph 9. 34.5 inph

63.25 mph




LESSON 10 7
HUMAN MEASURES

CLASS ACTIVITY

For this activity you will be working in small groups (3 or 4
students per group). '

Read over the activity before beginning to do any measuring
and check your equipment against the inventory.

Use proportions when making your predictions. This will let
you know how well you can use proportions.

Equipment Inventory: 7 feet of brown wrapping paper, 1 meter
stick, you, and masking tape.

Activity: The purpose of this activity is to measure humans
and find ratios among the measures. Then the ratios
are to be used to predict other human measures.

1. Use masking tape to attach the wrapping
paper to the wall and floor. Attach it
50 you can measure your height, arm
span, and foot.




HUMAN MEASURES

OBJECTIVES

1. Given an experimental situation, the student shall

use ratics, equivalent ratios, proportions, and the

solution of pnroportions to meke vredictions of addi-

tional trials of the experiment.

Ny

Given the components of & proportion which are based
on a problem cituation, the student shall foim a valid
proportion.

EQUIPMENT AND TEACHING AIDS

STUDENT

#. 1 meter stick -
2. 7 feet of brown wrapping paper (8" wide).

#3. 10 inches masking tape

CONTENT AND APPROACH

Students are to be grouped in threes (4 is a maximun). fach
group should go-to a station located in convenient places in
the room to perform the activity as a group. After the groups

complete exercise U4, the activity is to be summarirzed and
completed as a class discussion.
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2. Measure to the nearest centimeter your:

a. height
b. arm span
c. 1length of foot

3. Write the ratios:

a. comparing length of foot to height.

b. comparing arm span to height.

L, write these ratios in decimal form.

Example: 2 can be written in

m

decimal form by dividing

[
n
U

=

lmgﬁ?ﬂ’.
o
(@]

n
o

a. Length of foot to height.

b. Arm span to height.
CLASS DISCUSSION
1. Write on the chalkboard the ratios obtained by the boys

in parts 4a and U4b above. How do the ratios compare?
(Are they close to the same value?)

180
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2. Write the girls' ratios on the chalkboard. How do they

compare?

3. PFind the average ratio for the boys' and girls' measurements.

Ratio

Length of foot
compared to height

—
Length of arm span

compared to height

Boys

Girls

EXERCISES

1. A boy has an arm span of 178 cm.
he is?

How tall do you think

2. How tall do you think a girl is if her foot measures 23 cm?

3. Measure your teacher's arm span, then predict his or her
height. Check your prediction by measuring your teacher's

height directly.




3
~J
L)

CLASS DISCUSSION

After the ratios are listed on the chaliboard, look for variances
and discuss why wide variance, if any, did occur. (A1l tall
people in a group, or all short, etc.)

Then find the average ratios for boys and for girls.

Students are to use the averages to do the exercises at the
bottom of page T73.

Students could be chosen and measured to see if the_ratio applies
well to them. In fact, each student could check the ratio against

his own measurements to see how well the ratios apply.
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v’ POINT

Use the cross-product method to test whether or not these

proportions are true:

a. 2 - 1> b 7 _ 21 12 16
iz = %0 * IB T 52 ¢- I8 = 30
20 _ 16 .. 24_16 e, 21_21
15 12 * 36 20 15 ~ 17

Solve the following proportions for N:

2. N 6 N 22 64

& §=7 LR v =) . I|=T
N 8 L 26 7 N

d. T ID em— P 1 3 =
15 = 37 & ¥~ W% f. 1= 8n

Write the proportions that would be used to solve the

following:

A 28-inch bicycle wheel has a circumference of about
88 inches. What would be the circumference of a
20-inch bicycle wheel?

In.a certain pulley system, a mechanic gives a 24-
pound pull to lift a weight of 120 pounds. How
much pull would be needed to 1lift an engine wéighing
480 pounds? .

For a pair of mother and daughter dresses, the girl's

pocket measuraed 3% inches wide and 4% inches long.
The width of the mother's pocket was 44 inches. How
long was it?




ANSWERS TO YPOINT -

a.

d.

True

True

Lo

=
il

e.

False c True
False T False

= 21.453 c. N = 52.36
= 7.08 f. N = lg

X = 62$-inches or 62.9 inches
X = 96 pounds
11 .
X = SIE inches or 5.79 inches

The pocket would probably be
about 5%-inches long._ Certainly
measurements this precise would
not be made.



SPRINGS AND BOLTS

CLASS ACTIVITY

There are some stations around the room where you will perfo:im
some experiments involving ratios.

Af'ter your teacher divides the class into groups,

1. Go to your station.

2. TPollow the instructions for the activity.

They begin on pages 76 ari 78.

Use the equipment inventory to check your

()

equipment.

L4, Record your findings in the spaces provided.

When you finish your first activity, go to a station where
the other activity is found.

] =
18I
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SPRINGS AND BOLTS

OBJECTIVES

1. Given an experimental situation, the student shall
use ratios, eguivelent ratios, proportions, and the
solution of proportions to make prediciions of addi-

tional trials of ihe experiment.

. Given the componenis o a proportion which are based
on & problem situation, the student shall form a valid

proportion.

EQUIPMENT AND TEACHING AIDS

A. STUDENT

Stretching Springe -

#. 1 spring

#2. 1 hook

#3. 1 meter siick

#. 1 cardboard pointer

#. 2 knowvn weights (wl, w2)
#0. 2 unknown weights (W35 Wy)
#7. 1 weight (x)

Nuts and Bolts -

#*¥1. 1 nut and bolt
#*2. 1 block of wood with holes A, B, C.

#*3. 1 strip of tagboard, one inch long
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STRETCHING SPRINGS

Equipment Inventory:

1 spring (S), 1 hook,

1l meter stick, 1 cardboard
pointer,

2 known weights (Wy, W),
2 unknown weights (W3, Wu),

1 weight (x).

® Activity: This activity centers on the question: How
can a spring be used to predict the weight
of an object? '

1. Using the photograph as a guide,

a. Place the spring on the hook,

b. Put the meter stick in a position where
measurements can be made,

c. Attach weight x to the spring to provide some tension.

2. Attach Wy to the .spring or the bottom of weight X.

How far does the pointer move when wégéht W, is placed
on spring, S?




B. TEACHER

1. Overhead projector

N
.

Projection screen

*3., Transparency: ARP 11
ARP 11 is a summary rorm for discussing the activities.

CONTENT AND APPROACH

1. The students will be working two differcnt experiments
during the class period. Therefore some groundwork should
be done prior to this time.

2. Bach station should be clearly marked with the equipment
at the station.

3. As a group finishes one experiment, they are to move to

the other experiment when an opening occurs.

b, Your role: Refer to Lesson 4, pages T 37a - T 37h.

Vhile students are working on their activities, be avail-
able to help those having equipment trouble, and answer
questions for those in difficulty. (Use 2 question to
answer when possible.)

Generally: Summarize the activities and capitalize upon
the students' findings by applying it to the topics of
simplifying ratios, equivalent ratios, and proportions.

Specifically: Summarize the results by tabulating in
a way that the entire class can see. (Overhead, chalk-
board, etc.)

"How do the results of the class compare?" - _ ...
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3. Remove W1 and then attach w2 to the spring.

What distance does S move when w2 is used?

4, Write these ratios:

a. Compare weight Wl to Wz.

b. Compare the distances moved by W1 and Wz.

5. How do the ratios in part U4 compare?

6. Attach w3 to the spring and use a proportion to

predict the weight of w3.

7. Use Wy and S to predict the weight of Wu.

8. Use a scale to check the weights of w3 and W) .

memaaiaretran .t e
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5. After the results of the class have been exomined, the
discussion should be turned to the topics of simplifyines
ratios, equivalent ratios, and proportions. (Thers arve
more experiments which enable the students Lo work wiih
these ideas.)

NOTES ON THE ACTIVITIES

STRETCHING SPRINGS

1. Weight x is to be placed on the spring to provide some

tension. Then the activity will produce proportional
results.

2. The meter stick can be taped to the chalkboard so that
the distances stretched can easily be determined.

The question the student musi answer is "How can T use n

0o}

W

known weight to predict an unknown weight?"

4. Mathematically, the stretch of a spring is proportional
to the weight attached to the spring.

5. The student might be able to recognize that as the weight
is doubled, the distance the pointer moves is doubled.
(Some students may be able to apply equivalent ratios &t
this point, but it should not be expected of the majority.)

6. If the student recognizes the principle in item 2, he may
be able to verbalize the proportionality concept and apply

it to other weights.

190
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NUTS AND BOLTS

Equipment Inventory:

1 bolt and nut, 1 block of

wood containing three holes,
1l strip of tagboard one inch
lcng.

Activity: This activity centers around the question:

How can a bolt and nut be used to find
the depth of a hole in a black of wood?

1. Use the tagboard strip which is one inch long and count
the number of threads in one inch of the bolt.

2. Turn the bolt in the nut and count the turns as one
inch of bolt passes through the nut.

3. How far does the bolt move through the nut in one turn?

4, If the bolt is turned 6 times, how far does it move?




NUTS AND BOLTS

The nut and bolt is a crude wversion of z micrometer. Its
only limitations are that the number of threads per inch
is less than a micrometer, the nut does not fit on the
bolt as closely as in the micrometer, and it is not gradu-
ated (though this could be done).

The number of threads per inch is calculated this way:

-

For each revolution of the nut on & bolt having N threads
per inch, the nut advances % of an irch. Therefore it
takes N turns of the nut to advance one inch.

If the bolt end is started flush with the face of the nut,
the bolt will advance through the nut 1 of an inch for each
turn of the bolt. This will allow theNstudent to measure
the depth of the holes in the block of wood. The student
should recognize that the bolt is at the bottom of the hole
when the nut begins to 1ift off the wooden block.
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5., Find the depth of holes A, B, C in the wooden block.

a. Start with the end
of the bolt even
with the nut.

b. Set the nut and bolt
over the hole and
hold with your fingers.

" ._J—.‘M

¢c. Turn the bolt and count the turns until the bottom
of the hole is reached.

Hole | A B]C

Turns

d. Calculate how deep the hole is by using the number of
turns per inch and writing a proportion.

Hole A B C

depth

6. A certain screw-type truck jack has 4 threads per inch.
How many turns would it take to l1lift the truck 7 inches
off the ground?

T. Look for some information about a micrometer in a

mathematics book or an encyclopedia. How are a micro-
meter and the nut and bolt related in operation?




g0 | LESSON 12
MAKING COMPARISONS

RATIOS AND COMPARISONS

Proportions are useful when making comparisons of measurements,
prices, and performances. One method is to use 100 as a basis
for comparison.

Example 1:

During the 1968 baseball season Willie Horton got 146 hits
out of 512 at bats while Al Kaline got 94 hits for 327 at
bats. A convenient way to compare their performances is to
find an equivalent ratio'whose denominator is 100 for each
pPlayer.

: e 6 _ _H o _ K
o 512 100 327 100
1@% 512H = 14600 327K = 9400

H = 28.5 K = 28.7

Their performances were extremely close. Batting at this
rate, we could say that Kaline gets 28.7 hits for each 100
times at bat and Horton gets 28.5 hits.

Example 2Z:
Chef cooking o0il comes in two containers like these.

If the oils are of equal quelity, which is the better buy?

% = X 4 _ X
9 100 84
100 38 oz. \\
69X = 3800 84X = 4800
_ 3800 x = 4800 48 oz.
69 84
X = 55.1 oz. X =57.1 oz. 69¢ 84¢
for 100¢ for 100¢
So the 48 oz. jar is the better buy.

LY
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3
5

MAKING COMPARISONS

OBJECTIVES

1. The student shall be able to use proportions to solve
problem situations such as:

a. Comparing the costs of two items using 100 as a
basis for comparison.

b. Determining the amount of medicine required to
mix 40 oz. of a 35% solution.

c. Comparing the performances of two athletes, or
two automobiles.

2. The student shall be able to interpret rational numbers
whose denominators are 100 as per cents. (Examples:
2 - 5% A5 g 15 per cent)
100 '

3. The student shall give examples to show why 25% does
not necessarily indicate a base of 10D.

EQUIPMENT AND TEACHING AIDS
TEACHER

l. Overhead prodiector
2. Projection screen

*3. Transpar.ncies: ARP 12A, ARP 12B

ARP 12A illustrates the meaning of a 40% solution as
well as solving situations involving mixtures.

ARP 12B illustrates the meaning of 10% off which is
often used in advertising.
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CONTENT AND APPROACH

RATIOS AND COMPARISONS

It is intended to have students use ratios with 100 zs their
denominators by involving them in problems naturally using
100. Medicine dosages (given in per cents), athletic perform-
ances, and food costs lend themselves to the use of 100 as =
basis for comparison.

Suggest to students that they bring in clippings from the
newspaper or situations around their home that involve per
cent. They should bring items such as a family need or de-
sired purchase, per cent related to the father's (or mother's)
occupation, or items of interest to them. Sharing such items
with class members may provide opportunity to discuss compar-
isons.

It must be recognized that numbers other than 100 can be used

as a basis for comparison. Example 2 determines the number

of ounces of cooking o0il that can be purchased for 100 cents.
Many people calculate cost per ounce as a basis for compari-
son. One hundred is used in this lesson to crient the student's
thinking in the direction of per cent, and this basis is as
valid as any other.

7
&




LESSON 12

EXERCISES |

The following cxercises ask you to compare some information.
- . . . X .

iUse proportions to maks the comparisons using Tog 2S5 the
second ratio for each proportion.

1. An instant coffee called Pelight comes in several sizes.
As long as spoiling is not a problem, which jar would
be the best one to buy?

A. 1M oz. for $1.76 B. 6 oz. for $.8% (use 179¢ and 88¢)

Compare the batting records of
the 1965 Detroit Tigers (1292
hits, 5490 at bats) and the
1965 St. Louis Cardinals (1384
hits, 5561 at bats).

Among the f'ree throw leaders i1 professional basketball
during 1968 were Cazzie Russell .of New York and Jerry
West of Los Angeles. Russell made 282 free throws in
349 attempts while West made 391 throws out of 482 tries.
Compare their performances.

Which would you buy? Delight Coffee: 14 oz. for $1.79,
Delight Coffe&: 6 oz. for $.88, or Swell Coffee: 10 oz.
for $1.19%

In January the New York
Knicks had won 18 of 47
basketball ganes. At the
same time the Atlanta,
Hawks had won 17 of 44
games. Use proportions to

compare these two records.




THINGS TO DISCUSS

A person does not always buy the item that cost the least.

A large quantity may result in spoilage; the cheapest in
price may be inferior in quality; an individual may prefer
the taste of a particular brand of ccffee and may be willing
to pay the added expense. All things being equal, the cheap-
est cost may be the best buy. The point is that the student
should be helped to recognize differences in packaging, and
that it is the wise buyer who shops on a comrarative basis,

ANSWERS TO EXERCISES |

1. Jar A, XNy 780z Lo Ny 6.8 0.
179 100 88 100 '
' . 1292 N .
2. Tigers: = N = 23.53 hits
Cardinals: 1384 _ N , N = 24,89 hits
5561 100
3. Russell: g§g = —E—-, N = 80.80 free throws
349 100
West: %%% - 5%5 . N =81.12 free throws
b, swell: =% = £ § = 8.40 oz.
119 10C
Delight: 14 oz. N = 7.82 oz.
6 oz. N =6,82 oz.
18 _

5. Knicks: , N = 385.30 wins

47 100

17 N .
H k ¢ — = e—— N = . LI_
avks = Tog 38.64 wins
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RATIOS AND MIXTURES

Nurses and doctors use proportions when preparing medicines.
The chemical or drug is not generally used fuli-strength.
Usually a certain amount of drug is mixed with a given
amount of liquid to make a solution.

Tf an alcohol solution is made up of 70
parts alcohol and 30 parts water, the entire
solution contains 100 parts, . T%g-represents
the fractional part of the solution that is

alcohol.

Example:

Patients may need different amounts of alcohol solutions.
These different amounts still have the same strength, 70

jOG [ ]
A patient needs 30 oz. of alcohol solution. How many
ounces of alcohol should the nurse use?

70 _ X
100 T30
100X = 2100
X = 21 ounces of alcohol is to

be used. Then 9 oz. of
water will be added.

(30 - 21 = 9)




RATIOS AND MIXTURES

Although solutions are generally referred to in per cent
language (70% solution), the ratio is used to emphasize 100
as the basis for comparison. On page 54, the ratios are
interpretéd as per cents. This is continued henceforth,.

Paragraph two on page &2, "If an alcohol..." should be dis-
7O
A —

solute and 30 parts solvent. A 0 alconol solution contains

cussed carefully. soiution is one containing 70 parts

-

100
T7TQ parts alcohol for each 100 par%s of solution (which means

that the solvent is 30 parts of the solution.)

Discuss the example on page 82 fully with the students. Other
examples may be necessary to insure that the ideas on this
page are understood and that the students will be able to do

. the exercises on page B53.

Students could be asked to bring in problems oriented toward
occupations. Their parents may be able to suggest problems or
problems might be found in the newspaper.
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EXERCISES 2
25

1. Twelve ounces of a 100 solution of glycerin is to be preQ
pared for a patient. The ratio T%% means that 25 ounces
of glycerin is to be used out of every 100 ounces of the
solution. (Then 75 oz. of water will be used.) Since
only 12 oz. of solution is needed, how much glycerin

is required ?

100 12 Finish the problem.

n

How many ounces of boric acid are in 40 oz. of solution
if the strength of the solution is 3%5 ?

3. If you have 100 oz. of a T%% solution of glycerin,

a) how many ounces would be glycerin?
b) how many ounces would be water?

b, If a solution contains 2 parts of a drug and 3 parts
of water,

a) what ratio represents the strength
of the solution? i

b) how many ounces of drug would be
contained in 100 oz. of solution?

5. Another boric acid solution is strongerj,155 .
a) Out of every 100 oz. of solution, how many
oz. ot boric acid would bte needed?

b) How many ounces of boric acid would be
needed to make 80 oz. of solution?

fRic 5!




ANSWERS TO EXERCISES 2

lo X=3OZ.

h, a. % (refers to phrase: "For every there are .

b. 40 oz.
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USING PER CENT

If a nurse knows the strength that is needed for a certain
solution, she can use proportions to figure out the number
of ounces of drug needed for any given amount of the solu-

25 55

tion. Using ratios such as = or is common when com-
€ T00 100 ‘

paring the amount of drug used to the amount of solution
being prepared.

The ratio I%%can be read "55 out of 100" or "55 of each

hundred”. It means that the drug makes up 55 out of 100 pa~ts
of the solution. You will recall the special name "per cent"
that was used for this kind of comparison.

PER CENT IS A CONVENIENT METHOD OF MAKING
COMPARISONS, AS WELL AS GIVING DIRECTIONS
FOR MIXING INGREDIENTS (SUCH AS MEDICINES).

A boric acid solution which has a strengih of 1—8% is said
to be a 55% solution. The symbol % represents 155
Remember: Per cent (%) means "for each hundred". A 55%
boric acid solution means 55 oz. of boric acid for each 100
oz. of solution.
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USING PER CENT

. . s s . N . H
is point the traznsition is mede from the ratio i35 t.o
first time the ctudent has done this,

is unwise to asswume teco much.

The example problem on page 55 should be discussed in detail

0 th

)
o
ct

th> relationship between the two numerators (and two

3

[ S
oo

tenominators) is understooid,.

1y

The retios used in per cent are similar to those in previous
lessons which involved proportions. Proportidns are still
being used and the correspondences pointed out in Iesson 7
are still important.

The statement 55% of 375 emphasizes the phrase:
" out of are .
55% of 375 is: 55 out of 100

55 out of 100

E5 out of 100

Dout of 75

adding: l65-+[:]fN1t of 2375

Therefor:z the answer is more than 165.

elc 204
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I a coat is on sale for 10% of'f the regular
price, it would sell for 10¢ off out of every
1004 the coat cost (1 ) A coat with a
regular price of $25. OO (2500L) would sell
for $22.50.

100 off actual number of

I3

cents off

10 x<——'—'J

100 2500\
out of of the 2500¢
gach 100¢ regular price.
100X = 25000
X = 250 cents off regular price

PEONE - PENE = 22504 or $22.50 (the sale price).

Tha cymbel, 7, is used mainly when vriting about per cent
and in advertising signs. When you use per cent in solving
proeblans the fraction form is used. In calculating, 25%

Honld e written as ng.

Fall o =t
ﬁ{;()




LESSON 12

AN IMPORTANT IDEA FOR YOU TO UNDERSTAND IS THAT 30% OR fg% DOES NOT

MEAN 100 WAS EXACTLY THE NUMBER OF TIMES AN EVEN T TOOK PLACE OR

THAN AN ITEM WAS ACTUALLY DIVIDED INTO 100 PARTS..

For instance, if a batter hits at a 30%
pace (1(3)8) it does not necessarily mean
that he was at bat 100 times. 100 is

used because it is a convenient number
to compare to and EVERYBODY does it!
If a batter gets 6 hits for 20 tries
at bat, he also hits 30%.

X = 30 —180' = 30%

O

The idea can be illustrated another way. A batter hits
safely 5 out of 12 times. What per cent did he hit? This

question is asking: "How many hits would he get out of 100
at bats? 5 _ X
12 100
12X = 500
X=41.7

41.7 hits out of 100 times at bat is 41.7%. Well!l You know
that you can't get part of a hit, so he mus% not be able to
be at bat 100 times and still have a batting percentage of
41.7%. Yet, this is still a good way to compars one batter
to another. How is a batter's performance reported in the

newspaper?
o
A




It is dimportent to discuss the ide

a that when oy conur =

given, the actual vslues of the relationship {sporir daotu,
clothing sales, etc.) are lost and per cent just tells how

the items are related.

Sometimes it is obvious tThat 100 is not the brse. Vor example,
a batting "average" of .17 (41.70).

(£ batting average is not en average, but iz a per coent if

. . . . N o 1. ont ‘:l.r .
it is considered in ithe form 41,77 1.7 . newspaper reporics

Lo . .
give the performance ac .417. Many wveople consider it in
17 . . - .
retio form, — { , Oor in the per millage form of 217 /00.)
1000 '

~f

A poll might report that 7 of s group of peonle rescted in

a certain way. It shculd be recoynized thst

o
b
(e}
ot
cr
o}
rh
hal
o]
[©]
(e}
3
'—l
o)

represent 5070,

. o

The discussion on nage O and the exercisces on page %7 «titemnt
to point out the limitztions of t e

alone.

OTHER SUGGESTIONS

1. Arfter reeding the heavy black print at the tor of pnge 290,

tests can be used as an example.

Given 25 questions and 200 w&s the score,

this would not mean that a verson got =
correct out of 100, rather £0 if 120 vere
the nurber of questions.

2. It might help the validity of the discussion on page ~6
ussed

(as far as the students are concerned) if you disc
how batting averages are reported in the newspap

Q . . |
R ERIC ’ ":7 ‘

Aruitoxt provided by Eic:
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EXERCISES 3

Write the following ratios as per cents using the symbol, %.

1
_ﬁ 2 _2_5_ 3__8.7_ L i5_ 5_22. 6 3

100 " 100 100 " 100 100 " 100

Write these per cents &as ratios.

7. 23% 8. us5% 9. 50% 10. T6% 11. 99% 12. 7%

13. How many ounces of glycerin would be added to 80 oz. of

water to get a 20 or 20% glycerin solution?

100

14, If a medicine is a 25% solution, how many oz. of drug
is used to make 24 oz. of solution?

15. A solution is a 25% solution. Does this mean that you
have 100 oz. of the solution? Explain.

DISCUSSION QUESTIONS

The basketball team made 65% of its free throw attempts.
a. Write the per cent as a ratio.

b. Discuss the question: How many free throws did the
team attempt?

2. The basketball team had a field goal shooting record of
42,5%. Discuss the number of field goals made by the
basketball team.

Why is 100 often used as a basis for comparing two
situations, such as prices or athletic performances?

When 100 is used as a basis for comparisons, sometimes
the result is half a person or half a time at bat. If this
happens, how can 100 be used for comparison?




ANSWERS TO EXERCISES 3

1. 38% 2. 25% 3.
7. 23_ '8_ -‘iB_ 'jl.
100 100

13. 20 oz.
w, 2. -8 g,
100 2u

15. No. The ratio of number of ounces of drug to the ounces

of solution is -%?— . Any equivalent ratio could ve used
D0
to describe the solution, such as —5— .
(W]

ANSWERS TO DISCUSSION QUESTIONS

l. =. £5_
100
b. It cannot be determined how many free throws were
attempted. It could nave been 20 l% = ’) or
ho (26 - 65, 20 100
40 120
i -~ )42.5 S . + + 4 < . e
2. 42.5% = It is certein that the team,m did not usare
10C
2.5 fielc(l: goals. The number of field gosls could have
- { N 7 Lo
been &,5(&5_. = u_2._'_5)0r 17(}_( = L.,:—)
200 100 10 o
3. 100 is a convenient number to multiply and divide by.

100 has numerous factors. When one number is used, there
is a basis for comparison and its universal acceptance
makes communication easier.

4, The point is that a comparison is being made using one
nurber as the basis. 100 will still indicate vwhich per-
formance is best, and it is only a theoretical wvalue.

Yes!




STRETCHING RUBBER BANDS

It is helpful to be able to estimate per cents such as the
following: 75% of a line segment, 30% of a group of students,
B e 25% of a length of cloth, etc. To help you see per cent, you

are going to make a psar cent calculator and work with line
segments.

0 emmmmmm CLASS ACTIVITY

A rubber band can be made into a rer cent calculator. With

this device you can find per cents of line segments and be
able to see what they are.

A—

To make the calculator you will need a piece of rubber band.

Choose a partner. Stretch the rubber band the length of
the ruler which is printead along the edge of this page.

Then have your partner put a pencil mark on the rubber
- band every half inch.

- T
_0 0 5 /0

3. When you let the rubber band relax, there is a set of

evenly spaced marks. They will stay evenly spaced for
any length the rubber band is stretched.

N e=——— Let's try it. lark off 30% of the segment drawn
belovr.

Here's how.

a. Stretch the rubber band next to

the segment until it is
O e divided into 10 units of length.

(Each unit represents

105, and there will be some marks on the rubber band
that will not be used.)

210




LESSON 13 T 8
STRETCHING RUBBER BANDS
OBJECTIVES

The student shiall be =zble to

1. Hstimate = whole number per cent of o given line

P s + s R . BRI 3 vy
2. Write 2 per cent in its various foruc.
t ‘O 1 s
(example: &7, == . oo, 1)
1990

EQUIPMENT AND TEACHING AIDS

STUDENT
- ll' 1!'
subber band, i per student. Sime 31: = X E:
CONTENT AND APPROACH
PER CENT CALCULATOR
The per cent calculator is 2 device thet enables the student
to determine various percentages without computation. The

celculator will be applied to line segmente whicn will give
the student & picture of various percentzges. As a2 result,
they can see how the per cents are related and possibly gein
in their "feeling" of this concent.

The per cent calculztor is made by stretching 2 rubber band
and placing evenly spacad marks on it. These marks will
remain evenly spaced :ver any stretching, thus segments of
various lengths can be divided into percentages limited only

by the graduations on the rubber bard.

ERIC 211 ' '

Aruitoxt provided by Eic:
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T, Place &
T.T

lot on tne segment after the third unit
which i

g
ill be the fourth mark on the rubber band.

——

?gll%ol+Tll1+§

c. The x on the segment indicates that the left
hand part of the segment is 30% of the entire
length.

4. Imagine each space having 10 smaller divisions. Then each
small space represents 1 out of 100 or 1%. The fourth
mark (at the end of the third unit) would then represent
30 out of 100 parts or 30%.

EXERCISES |

1. Place a mark on each segment so that the left hand part
represents the given per cent.

a. 5O%
b. 1‘1 0%
c. 60
? d. 250
e. T5%
f. 85% |
. S0% |
h. 1007




L

Aruitoxt provided by Eic:

Students should viori in ozi

i
rubber band or indicate nerc:

5

stretching of the rubber bend is required.

[

Give each student one-n2if o

y
8]

of the pair will have =2 mrarked

ANSWERS TO EXERCISES |

1. The segments will te marked i
The answers given below shcouid not be

"exact"

. Ore nerson cannot marik the

rubber bend. mach

rubber band.

/’,,- -4
c. (G -
d. o5

. <, .
-t

e. 75 .
- [S¥ odaid
1. ‘..'5,.' &
g . 90/“' &

h. 100%

i. 125%

. <13

-—



LESSON 13

(I) Estimate the per cent represented by the part of
the segment indicated by l€——x .

(IT) Check your estimate using the rubber band.

aAlBlc|DplE|F]|G
ESTIMATE

CHECK

A = X——,

B =X

C =X>

D =——X-—>

E = X —
F—X—~

6 =——X—>

214




ANSWERS (CONT'D.)

! LR oAy e PR S T BN R e, e N 4
2. ’\I) A1Y eztinmztes are SRS il COLANERIVU i 2o
are not very close crould be slven heln In irmurovinge

their estimation wrnp-uilliis,

i
=i
S

A|B|C|DI|E|F |G

1 *
| ESTIMATE
CHECK 5O%{25% 15% [60% 90% | T0%| 5%

* Answers will vary.




LESSON 13 - ¢l

There are several ways in which a particular per cent ~an be
vwritten. Sometimes one particular form is easier to work
with than others.

You know that 25% can be written as f%%.

1. If the ratio is simplified you get f%% = %. So % of $20
is the same as 25% of $20 which is $5.

2. To change a fraction into per cent form, use a proportion.

e 2 _ X 3 2 _ kLo _
For instance £ = 1000 X = 40 so £ = 100 = Los .

)
3. Per cent can be represented in decimal form.

2> _ - -
165 = 25 + 100 = .25

A simpler way is to read %%% as "twenty-five hundredths"

and then write it in decimal form as .25,

b, The forms shownLPere are equivalent:
’ 0 2
Too» 40%, .40, £
EXERCISES 2

Complete the table by writing the various forms which repre-
sent the given per cents.

Per Cent form 50% 60% 207

o £ 50 80
Ratio form 100 100
Decimal form .50 .05
Simplified frac- 1 3 1
tion form 2 I B




ANSWERS TO EXERCISES 2

equivalent forms of per cent prior to

sented so the students have the opportunity

Yiore examples than those provided on pzge 21 should

s

Per Cent form S| eon ol | TEL | o2nt | et [af.E
. o) 57 C 7 T =1 o N3
Ratio form 2 c (2 2 5 12.°0
100 | 100 | 103 | 100 | 100 | 127 100
Decimal form ",50 .60 s LTS .21 CE 128
2 M =
Simplified frac-|| = 3 2 3 1 |1 1
P 2 5 iz i 5 57 £
i

erlc 27

Aruitoxt provided by Eic:




\()

N

LESSON 13

Sorme people, when estimating sizes or lengths, think of sim-
plified fractions rether than forms such as decimel or per
cent.

When estimating 25% of the lenzth of a segment, a person

would most likely think of %-of the segment (if only for the

reason that they have worked more with fractions).

[

8]
i
C

-1

2

SES 2

Estimate the per cent or fractional part of the segment by
placing a mark thet distance from the left end. Indicate the
part with an<—x —>», Check your estimate using the rubber band.

Example: 50% - X 4!:,

1/3

30%

1/4

80%




The students are supposed to do exercises 3 without aid of

the rubber band. An estimation is asked for so answers can

hardly be incorrect.

Students can best check their ability to estimate by comparing
their estimates with others in the class.

ANSWERS TO EXERCISES 3

All estimates are acceptable. This exercise should be used
to help students improve their ability to estimate.

You may wish to make a transparency of rather precise esti-
mates so that the students can see how close they are. As
you circulate around the room, you could lay the transparency
on top of their work. An alternative to the transparency is

the use of tracing paper. It is thin enough to see the stu-
dents work through it.
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ESTIMATION AND PER CENT

SALES, ESTIMATES, ANDSHOES

A sale on shoes! 15 off., Stores often advertise sales in
this way because il catchies your eyZ. Zome people will buy
items even if they Jdo nol need ‘hew becsuse the idea of "money
of f" impresses them. Fiotimation con help a person decide if
the amount off is resliy enough to make purchase worthwhile.

Estimates of per cent: can be made wore easily if you have
some guide for making the estimation. Per cents written in
fraction form can be very helpiul in estirating because you
are quite familiar with fractional parts of nunbers. For
instance:

500 = 15—00- = %- S0 B0% of 26 is Led25 or $12.50.

LRIC 220
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ESTIMATION AND PER CENT

OBJ ECTIVES

The student shsll be able to
l. Write a per cent as 2 simplified ratio.

2. Bstimate a whole number per cent of a
given number.

CONTENT AND APPROACH

The ability to estimate percentages easily is an azsset because:

1. some practical situstions (e.g. purchases)
can be readily apprized.

2. 1t provides an opportunity for checking the
reasonableness of answers.

Where it is convenient, a per cent is rewritten as a simple
fraction and the estimation is then made. An extension of
this application is to calculate a per cent as a multiple of
another per cent. For example, 15% is 3 times 5% so 15% = é%
because 3(5%) = 3(5%-).

A second method for estimating is to average two per cents.

15% is the average of 10% and 20%. These two per cents are

easily obtained: 10% = i%- and 20% = % .
2

After obtaining the fractional parts of the given number,
their average is found.

Example: 15% of 30 is 4% .

v (L - g (L - 3+6 _
10% (10) of 30 = 3, 20% (5) of 30 = 6, > =

ol

fERIC | 991
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EXERCISES |

For each per cent, write a simplified fractional number.

N . e
=== Simplified
100 Ratio

50 1
50% 190 5

Per Cent Ratio:

5%

25%
20%
Lo
60%
108
30%

PER CENTS AS SIMPLIFIED RATIOS
20 _ 1
100 = 5

Using 20% as %, 20% of $25.00 is $5.00 because %x 25 = 5,

It is not necessary. to memorize all of the per cents in a

table to use them. Compare 20%, 40%, 60%, and their corres-

ponding ratios ;L-, g, and ; Note that the per cents are
5 5 5

multiples of 20 and the ratios are multiples of i. If you

As a simplified ratio, 20% = % because

know that 20% = —é—, ‘then 60% = %because 20 X 3 = 60 and




A third method for obtezining 1%

tributive property. 15% = 107 4+ 5, so 150 of #12.70
is 12(.10 + .05) = $1.20 + .67 or $1.50,  Actuslly o
person could find 12% of 212.90 and take nsli of $#1.20

or $.60 for then the uswn of these two values is 17

of $12.00. This is an ezcy way (o calculzte

)

tip et
a restaurant.

Estimation is helpful in correctly placing decimal
points in percentage problems. @Estimates are easy
because they are usuzlly whole nmumbers, and after
calculations are made the estimate will deiermine

the decimal point position. For example: 23¢ orf 74

Estimate: 20 of 80 or -Ll— of 80 = 16,
.
Calculation: 1744 are the digits ob-
tzined. The estimate
locates Llhe decimal point

s
(17.94) in the prover place.

ANSWERS TO EXERCISES |

Per Cent Ratio: - Simplified

100 Ratio

il 20 1
roo/ = =
S 100 5
ol 75 i
f5/‘7 100 u
25% 25 1
100 J

20 1

20% 100 5
Hog 20 2

100 5 |

100 5

10 1

10% =Y =

i 100 ic

30, 3

30% 100 10
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EXERCISES 2

Complete the table by applying the previous discussion.

Per Cent

Simplified
Ratio

70%

40%

80%

AUTO LOAN

8% INTEREST

a0
£ s

95
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ANSWERS TO EXERCISES 2

. Simplified
Per Cent Ratio
@
. 1
L)Ué -
’ 50
107 L
10
205 =
5
C'l‘;/., i
257 %
306 -
10
O"Zr ;
9 10
4.0y _2_
5
}
80 =l
z 5
O ‘:’r‘r

~ . r‘\og-.i)




ESTIMATION. . .

it is5 frequently enough to estimate a per cent of 2 given
number. When a sale is advertised,‘an estimation of the
amount of savings is all that is necessary to decide if you
wvant to buy the item or not.

in estimating, the symbol = is used and means "approximately the
same as'".

Example: Estimate 15% of $25.00.
Soluticn 1: 5% = Z= , 50 15% = =

1 .
éﬁOf 251521-X 25-:1,

so-;% of 25 =~ 3 X 1 = $3.00

Solution 2: 15% is midway between 10% and 20% .

! 1 1 — .
10% = 15 SO 75 X 25 = $2.50

1 1

20% £ S0 % X 25 = $5.00

il

This means that 15% of $25.00 is midway
between $2.50 and $5.00 which is about
$3.50 . ($3.75 to be exact.)

Solution 3: Find 10% of $25.00 and then add half of the
. amount (5%) to it.
10% of $25.00 = $2.50, 3 of $2.50 = $1.25.
$2.50 + $1.25 = $3.75.

JERIC e
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ESTIMATION . ..

The spirit in which estimates are handled should be this.
An estimate is not incorrect, it Jjust happens that some are
better than others. A student would be able to see how he
ranks with his classmates in estimating ability if 211 the
estimates for a particular number were listed on the board
in order of size so that those estimating close to one an-
other will cluster. Students who make extremely high or
low estimates will be able to see that they are "away from
the pack". This way no student has to be embarassed by
having his lack of estimating ability stated in front of the
class. You can help these individuals improve their esti-
mating ability.

A way to help students avoid embarassment is to have them
write their estimates on a piece of paper and pass to another
person. If, in turn, the estimates are passed again, a par-
ticular student's estimate will not be apparent.
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EXERCISES 3

Estiiate the following per cent of the given number.

Given Per Cent Estimated
Number Amount
| — . |

18 50%

ol T5%

35 20%

20 Lo%

70 10%

90 30%

120 60

120 25%

80 Loz

Another good use of estimation and per cent is to check
whether or not an answer is reasonable.




ANSWERS TO EXERCISES 3

The answers given are not estimates. ‘They are exact results.
Answers given by students should be viewed in the spirit of
e: .imation as indicated previously.

Given Fer Cent mstimated
Number Amont
18 B0 ;
2l 753 16
35 207 7
20 Loyt &
70 107 7
90 30% 27
120 605 T2
120 254, 30
80 45 36

At this point the student's understanding of per cent can be

checked. Some students might report the Estimated Amount
9

(percentage) as EBS or state that the 9 represents 9%.

Careful observation of student results may do a great deal
toward helping a student.
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A $120.00 chair is on sale for 30% off the regular
price. What is the amount of savings when buying
the chair on sale®

Estimating the amount of savings:
305 is close to 25%

256 = &

£+ of $120.00 is $30.00

The savings is a little more than $30.00

Calculate the actual amount of savings:

30 _ X
100 -~ 120

3600
$36.00 in savings

100X
X

If you get an answer of $3.60 or $360.00 your esti-
mate would tell you that these are incorrect.

EXERCISES 4

For the following problems, estimate only the answers.
Do not actually calculate the correct answer.

A pool table regularly
selling for $79.95 is
advertised on sale for
bh% off. What is the
amount of savings on
this table?




T GE

This example demonstrates how an estimate can be used to check
the reasonableness of an answer.

In addition, the estimate can give guidelines for decimal
point placement. This method could be used rather than the
traditional rules for positioning decimal points.

ANSWERS TO EXERCISES 4

1. $79.95 ~ $80.00
2

BU%h = bo% = % < of $80.00 = $32.00
or 5
LU = 50% = lé' % of $80.00 = $40.00
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! 2. How much less does a pool table sell for if it regularly
costs $695.00 and is reduced in price by 365 ©

3. These swimming pools are selling for
26% off. How much is saved?

a) 20 ft. pool, regularly
$399.95

b) 24 ft. pool, regularly
$499.95

The speeds of cars and boats
cannot be compared directly.
Boat speeds are reported in -

knots while car speeds are in
miles per hour.

The way boat owners convert their boat speeds to mph is to

use this formula: (Number of knots) + (15% of the number of
knots) = mph.

So a boat traveling 20 knots is going 23 mph. (20 knots) +
(15% of 20) = 20 + 3 = 23 mph.

15% of 20: 10% of 20 = 2, 5% of 20 = 1,
then 15% of 20 = 3




ANSWERS (CONT'D.)

. 36%z40%=§

$695.00 ~ $700.00

3. a. 26% ~ 25% =%

$399.95 ~ $400.00

b. $499.95=~ $500.00

% of $700.00 = $280.00

% of $400.00 = $100.00

i of $500.00 = $125.00
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b, a., Find in mph the speed of a boat traveling 30 knots.

b. How many mph does a speed of 50 knots represent?

Coatsl 20% off. How much would
you save?

a) PFur-trim coats: regularly $68.00
and $109.00

b) All-weather coats: regularly
$14.99 and
$24.99

How much is saved on a onz-day sale
of ladies' diamond ring sets if
they regularly sell for $310.00 and
are advertised for U40% off?

7. A rayon instant wardrobe! A coat plus two coordinating
shift dresses. They are selling for 30% off the regular
price of $23.95. How much would be saved?




ANSWERS (CONT'D.)

3

5. a. 20% =

Ul

$68.00 ~ $70.00
$109.00 =~ $110.00

b. $14.99 =~ $15.00
$24.99 = $25.00

6. ho% = 2
5

$310.00 = $300.00

7. 306 ~x
3

$23.95 ~ $24.00

=2
30% "

$23.95 = 424,00

4. a. 30 + (15% of 30) = 30 + (;;

or

T 1CO

30) ~ 34 or 35 mph.

b. 50 + (55 X 50) =~ 57 or 58 mph.

% X $70.00 = $14.00
% X $110.00 = $22.00
% X $15.00 = $3.00
i X $25.00 = $5.00

% X $300.00 = $120.00

w |~

x $21.00 = $8.00

1 x _
T $24.00 = $2.40

3% $2.40 = $7.20
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MARS

101

The pull of gravity on Mars is

39% of the pull of gravity on
Earth.

If you weigh 150 pounds on
Earth, what would you weigh N\
on Mars?

A
s,

9. A ladies' pleated tennis outfit and racket usually sells for
$29.99. How much less would it cost when on sale for 20%

of £?

DISCUSSION QUESTION

When we are estimating costs of items, why doesn't it matter if
we do not agree exactly on the estimate?

. k36




ANSWERS (CONT'D.)
&4 4 R 2 2 N - ]
& 5005 =~ Lo = = = x 150 = 90 pounds
5 5
9. 20 = 1 % $30.00 = $6.00
5 5

$29.90 ~ $30.00

ANSWER TO DISCUSSION QUESTION

The purpose of estimating costs of items is to determine if
the purchase will really be a good purchase.

Certainly exact
answers are desired when the purchase is made, but an estimate

is good enough for the initial step.
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A CHALLENGE FOR EXPERTS

Most car radiators are protected
from freezing by permanent-type
antifreeze. The amount of pro-
tection is calculated according
to the per cent of antifreeze

in the cooling system. For
instance, if L40Q¢ of the coolant
is antifreeze. then the car is
protected to a temperature of

-12° .,

% ADAMS ANTIFREEZE

This table shows the protection
) % of - Your car is
provided by different per cents Antifreeze Protected to, F

of antifreeze, 20 +16
25 +HO
33 0
40 -12
45 -22
50 -34
55 -48
60 52

Ml1ll in the table below:

nize of Cooling Protection Amount of Antifreeze
system, Guurts Desired, "I Required, Quarts

1h

17

21




12z

-3

A CHALLENGE FOR EXPERTS

1. If a temperature protection of -12° F is desired, the
temperature is found in the right hand column or t..e
antifreeze chart. Directly to the left of -12° F is the

per cent of antifreeze required to have protection to
that temperature. The amount of antifreere required
is 40%.

If an automobile has a cooling capacity of 14 quarts,
then 40#% of 14 quarts must be antifreeze.

2 2 28
hog = = = x ==
5 5 5

%? = 5.6 quarts of antifreeze.

To insure adequate: protection, the next guart of antifreeze
is given as the answer.

(The answer is calculated to two decimal places and is printed
within parentheses.)

ANSWERS TO EXERCISES

Size of Cooling Protection Amcunt of Antifreeze
System, Quarts Desired, Op Required, Quarts

14 -12 6 (5.60)

17 -34 9 (8.50)

21 0 T (6.93)

16 -48 9 (8.80)
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103

2. Adults require 10 mg. (milligrams) of iron per day in

their food.

1000 mg. = 1

gram, 1 gram =~ .04 ounces, 'so 10 mg. ~ .0004 oz.

The amount of iron per ounce of cereal varies from brand

to brand.

Example: Rice Krisplies gives 5% of the adult daily require-

ment per ounce of cereal.

in each ounce of cereal?

Solution using estimation:

R THITIT 4

How many mg. of iron is

10% of the requirement (10 mg.) is found first.
This is the same as = of that number.

10

1

15 of 10 mg. is 1 mg.

Since 5% is one-half of 10%, Rice Krispies
gives an adult .5 mg. of iron per ounce.

Fill in the table:

In One Ounce

Per Cent of Adult

Milligrams of Iron

of Cereal Daily Iron Require- Per Ounce of Cereal
ment
Coco-Wheats 8.1%
Cream of Wheat 120%

All-Bran

30%




2. It should ve made clear that sdults reaulre 10 mg.

of iron per day, end that the per cent in th

PR N
o ] o

{0

‘is the per cent of the aduli requirement.

If a cereal provides 43 of the daily requirement, it
provides 49% of 10 mg.

ANSWERS TQ EXERCISES

In One Ource Per Cent of Adult Milligrams of Iron
of Cercal Daily Iron Require- Per Ounce of €ereal
ment
Coco-Wheats I 1 (.81
Creamr of Wheat BT 12
All-Bran ey 3

0 aaf
0.1%

2
'—l
C
R
i
I
t
=
=y
X
=
A
§|
'—l

{
120% = 2 2% 10 12
5 D
2
306 = L% 10 = 3

241
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SAVE
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PUTTERS AND POOLS

OBJECTIVES

The student shall be able to use proportions to calculate
a whole number per cent of a given number.

CONTENT AND APPROACH

CALCULATING PER CENTS

Per cent calculations are made using proportions rather than
the "formula method". It should be easier for the student to
know how the problem is set up when proportions are used, be-

cause of the work dealing with correspondences between the
terms of a proportion.

Example: How much is saved on an item advertised for 15% off
if the regular price is $38¢

15% % > 15 cents off of every 100 cents of
regular price.

We want to determine N cents off of the
8 (3800¢) regular price, —N_

15 - _N <€———— refers to number of cents off

100 3800 <.€«——— refers to regular price

ERIC . 243




LESSON 15

CALCULATING PER CENTS

Proportions can be used to find per cents of numbers.

fxample: - Find 56% of 283.

Bstimation: Finding a per cent of a number is the same
as finding a fractional part of the number.
56% is close to 50% or % .

L oor 283 is approximately 1.40.
2

56 N

Solution: —_ = =
100 283

100N 15848

N 158.48 This is close to the estimate.

EXERCISES 1|

Estimate the answer and then calculate\ghe following percentages.

is 15% of the cost of the meal.

1. 25% of 83 2. 35% of 120
3. U48% of'13o b, 76% of 90
5. 88% of 6l 6. - 23% of Lk
T. 65% of 150 8. 93% of 165
9. 18% of 58 10. 57% of 234
11. The generally accepted rate of tipping at a restaurant

If you and your date

had meals totaling $4.80 at Rick's Restaurant, what tip
would you leave for the waitress?

244



ANSWERS TO EXERCISES |

Accept all estimates.
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EXERCISES 2

LESSON 15

Go back to Exercises 4 on pages 98-101 and find out the actual

answvers to the questions.

Compare your answers to the esti-

mates you made as a check on the reasonableness of your

answvers.

PER CENT IN ADVERTISING

GOLFER’S

PARADISE
SALE

MEN’'S MATCHED SETS

Sale advertisements,
especially those in-
volving per cents,
should be read care-
fully.

The amount an item is
reduced is called the
amount of discount.

IRON- REGULAR] SALE
MODEL wOoODS PRICE PRICE
*67 Spalding Silverlines 8-4 $210 $100
*67 Allied Tournaments 8-3 $150 $7s
*68 Ram Aluminum 9-4 $325 $195
*67 Voit 300 Magnums 9-4 $313 $185
*68 MacGregor Tourney®s 9-4 $284 $195
*67 Spalding Elites 8-4 $340 $225
*68 Ram Invitationals 8-3 $180 $ 95
*67 Wilson Signatures 8-4 $270 $150
*68 Wilson Signatures 8-4 $270 $185
*68 Wilson Dave Marr 8-3 $130 $70
*68 Spalding Dan Sikes 8-3 S150 $ 88
°68 Burke Bombers 8-3 $200 SIS
*67 Slipstreams 9-4 8275 $100
*68 Fernquist-Johnson 9-4 $270 si80
*68 Paul Anthony®s 8-3 $100 $ 45
*68 Wilson Shotmakers 8-3 $161 $1IS
SAVE o BAGS,

TO o  CARTS,

OFF BALLS,

SHCEEF,

C.

246

For example, the '67
Spalding Silverlines

are on sale for $100.00
while they sold regu-
larly for $210.00. The
discount is $110.00.

When the .discount is
expressed as a per-cent,
it is called discount
rate or rate of discount.




ANSWERS TO EXERCISES 2 (See top of student page 106)

1. $35.18 2. $250.20 3. a. $103.99 4, a, 2U4.5 mph.
b. $129.99 b. 57.5 mph.

5. a. $13.60, $21.80 6. $124.00 7. %7.18

b, $ 3.00, $ 5.00

[9}

8. 58.5 pounds 9. $6.00

PER CENT IN ADVERTISING

The two advertisements used in this section are intended to
help the student look at advertising more carefully.

: The large print tends to focus attention of people in such a
way that gross assumptions are made about the entire ad.

The exercises can be used as a class discussion and students

should be encouraged to bring in advertisements that they think
are questionable.

Question 4 is so time consuming in the calculations that it
would be best to do it :n class with a calculator or divide
the problems among the class and tabulate as a group.
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EXERCISES 3

Read the previous advertisement and answer the guestions

belovw.

1. How many sets of golf clubs advertised are on sale at a
discount greater than 5047 '

[AY)

How many sets are on sale at a discount less than 50%?

How muny sets are on sale for exactly 50%7

)

4, On which of the sets advertised will you receive the
largest rate of discount? The smallest rate of discount?
Be able to justify your answer.

On which of the sets advertised will you receive the

(92}

largest amount of discount? The smallest amount of
discount?

6. Compare your answers to exercises 4 and 5. Were your
answers the same? Why or why not?

7. What is the meaning of the phrase "save to 50% off"?

8. Do you feel this advertisement is misleading? Why or
why not?



ANSWERS TO EXERCISES 3

MODEL

REGULAR
PRICE

SALE
PRICE

DISCOUNT

DISCOUNT
RATE.™

*67 Spalding Silveriines
*67 Allied Tournamants
68 Ram' Aluminum®
*67 Voit 300 Magnums
*68 MacGregor Tourney®s
*67 Spalding Elites

*68 Ram lnvicationals
*67 Wilson Sipznaturis
*68 Wilson Sipnature.s
*68 Wilson Dave are
*68 Spalding Dan Sikes
*68 Burke Bambars

*67 Shipstivams

*68 Fernyuist-iahasan
*68 Paul Sntony
*68 Witnon Sheirmaury

b e e

PAFullToxt Provided by ERIC

3210
3150
$325
S313
3284
$340
$180
5270
$270
330
$150
$200

5778

5770
3100

6t

s100
s 75
$i95
$185
$16%
3225
< 95
150
$185
S 70
$ 8R
SHIS
5100
i an

oG

RN

410
315
S130
5128
s 89
SIS
S 85
si20
$ 85
s 60
$ 62

52.4
50.
40
40.9
31.3
33.8
47.2
44.4
315
46.2
41.3
42.5
63.6
333
55.
28.6
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SUMMER POOL
~ CLOSEOUTS

ALL POOLS ARE GREATLY REDUCED!!
OPEN 9-9! COME OUT TODAY

DELUXE -- *'Our Finest Pool"' -~ 10-Year Guarantee
SIZE QUANTITY SAVE WAS NOwW
4 24'x4'-6" 2 28% $540 £390
18'x4’ 5" 19 27% $400 $292
15'x4’~5%"" 3 24% $310 $232
CAPRI --*'Lowest Priced Winterized Pool Ever’’ ,
SIZE QUANTITY SAVE WAS NOW
+*24'x4'-5%"" 4l 34% " $420 $277
18'x4'-5"" 3 26% $310 $229
I5'x4’-5%"" I3 27% $250 $182
DELUXE OVAL ——  10~Year Guarantee
SIZE QUANTITY SAVE WAS NOW
32'x18'x4’ 6 29% $940 $671
25'x15'x4’ 2 28% $730 $522
ARISTOCRAT OVAL ~— Includes 2 Redwood Decks
SIZE QUANTITY SAVE WAS NOwW
A3l'x16'x4’ 3 25% $700 $526
*24,’x 12'x4’ I 25% $540 $405
18'x12'x4’ 9 25% $350 $262
15°x10°x3%’ 7 271% $140 $102
Save an ‘“extra' 10% discount off these prices on any display model pool!
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EXERCISES 4

The following exercises refer to the advertisements on
the previous page.

l. For the swimming pools in the chart below (they are

starred in the ad) calculate the sale price of each pool.

ACTUAL
MODEL SIZE RATE OF REGULAR SALE CASH
DISCOUNT PRICE PRICE SAVINGS
Capri 24' X 4’5" v
Deluxe - 24 X 4'%6"
Aristocrat Oval I X 16 X4
Aristocrat Oval X 12X 4
”

2. Comparae the zuzle prices yon calceculated to those in the
adverticawant,  Are Lhe priees Ln the ad exactly what the
discount rate indicat..d?

3. Since the sale nrice you calculated and the sale they
quoted are not cquzl, the ratesz of discount in the adver-
tisement are not cxact, Why does the ad use discount
rates that are not exact?

L

. VWhat would be the sale price of a Capri Model 24! X 4t g5it
. if the pool were a display nodel?




ANSWERS TO EXERCISES 4

1.
ACTUAL
RATE OF REGULAR SALE CASH
MODEL SIZE DISCOUNT PRICE PRICE SAVINGS
Capri 24" X 4'5," 347 $420,00 $277.20 $142.80
Deiluxe 24" X 4'6" 287 $540.00 $388.80 $151..0
Aristocrat Oval 31" X 16" X & 25% $700.00 $525.00 $175.00
Anstocrat Oval 24" X 12’ X & 25 $540.00 $405.00 £135.00

N

4

Reading 1s casier wi

close.

$2bq, 50 This ig

Loy

BN
Syl

L owhola

manbers.,

The values are

off' thelr sale nrice.
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LESSON 15

VPOINT

1.

b,

Using 100 as a basis, compare the following costs for
coffee: 2 oz. for 29¢ and 6 oz. for 88¢.

Compare the 1968 passing records of two leading football
quarterbacks: :

Len Dawson 224 attempts and 131 completions.
Earl Morrall 317 attempts and 182 completions.

A patient needs 40 oz. of medication. The strength of

the medicine is 30%. How many ounces of the drug are
needed?

Write:
35 .« :

a. 75 as a per cent using the symbol, %.
40

b. Too 25 & simplified ratio; in decimal form.

c. .75 as a per cent using the symbol, %.

Use a mark to show your estimate of 40% of the line.

Estimate: a. 15% of 60
b. U40% of 250

Calculate: a. 30% of 145
b. L5% of T2

A store advertised that their $14.95 skirts were on sale
for 12% off. How much would be saved on the skirt?




| |

T 110
ANSWERS TO v POINT \
2 N 6 N
1. = = = N =6.90 oz. = = — N = 6.82 oz.
29 100 ° \ 88 ~ 100 °
2. Dawson: 131 _ N , N x~58.5 Morrall: 182 _ N , N = 57.4
224 100 317 100
30 b'd
. = = I X =12 oz.
3 100 4o’ Z
b, a. 35%
b. 2, Lo
5
c T5%
- N
5. = X >y
6. a. 10% of 60 is 6,
20% of 60 is 12, then 15% of 60 is 9

b, Log =2, 2 x 250 = 100
0% : : 5

7. a. 43,5 b. 32.4

8. $1.79

(NOTE: Student Page 111 and Teacher page T 111 are blank.)

ERiC‘ . Efii ‘?
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VARIATION

Most of the work you have done with ratio and proportion has
involved direct proportion.

DIRECT PROPORTION

Direct proportion behaves like this: As one quantity increases,
a related quantity increases.

Example 1: The price of apples is 2 for 5¢. The more
apples you buy, the higher the total price.

2 apples cost 5¢, 6 apples cost 15¢,
20 apples cost 50¢, etc.

Example 2: The activity, Stretching Springs, involves
direct proportion. The more weight you hang
on a spring, the longer the spring stretches.

For a particular spring, a weight of 8 ounces
stretches the spring 3 inches. How far would
a weight of 14 ounces stretch the spring?
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VARIATION

OBJECTIVES

The studént shall be able to:

1. Recognize whether or not a problem situation
requires an inverse proportion.

2. Solve problems requiring inverse proportions.

CONTENT AND APPROACH

Thus far, Activities With Ratio and Proportion has dealt with
direct proportion. Inverse proportions often come up and are.,

sufficiently different so that a clear distinction must be
made.

The student booklet attempts to make the distinction clear.
However the student should not be left to figure out the dis-

tinctions by himself. This lesson should be teacher-led. to
ensure success.

The main trouble spot regarding direct and inverse proportions
is that a direct variation problem can result in two different
proportions while an inverse variation problem has only one
proportion. This is pointed out on student pages 115-118.
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3 inches
> X
8
/s
14
. . 1
One proportion is % = %% . From the problem situation you

can see that the spring stretches as more weight is added.

F—_____,____—increase in weight

g~____-____.increase in stretch

EXERCISES |

l. 25 pounds of a certain fertilizer is required for 5000

sq. ft. of lawn. How many pounds of fertilizer would
be needed for 9500 sq. ft. of lawn?

-~
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For inverse variation proportions to produce correct results,
the terms of each ratio must refer to like kinds of guantities.

For example: MPH _ time
mph TIME

Thiz lesson shouid be carried out carefully and methodically.

ANSWERS TO EXERCISES |

1. 47.5 pounds
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2. A set of pulleys requires 5 pounds of pull to 1lift

a weight of 35 pounds. How much pull is required to
1ift 100 pounds?

INVERSE PROPORTION

Some situations work in a manner opposite to that of direct

proportion, and they are cailed inverse proportions.

An inverse proportion works 1like this: as one quantity
increases a related quantity dscreases, or as the first
quantity decreases the second quantity increases.

Example: As the age of a car increases, the value of the
car decreases.



T 114

ANSWERS (CONT’D.)

2. 14.29 pounds
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The key to solving proportion problems is to recognize whether
the situation is direct or inverse.

The problem in solving proportion problems is that:

1. - Direct proportion problems can be set up
in two ways.

2. Inverse proportion problems can be set up
. in only one way.

Example: Direct Proportion

An alloy of copper and zinc makes brass. The
ratio of the weight of copper to weight of
zinc is 17 to 13. If 85 pourds of copper is
used, how many pounds of zinc will be needed?

One proportion is 7 _ 85 . copper _ copper
13 N zinc zinc

Another proportion is

17
85

13 copper _ zinc
N copper zinc

N = 65 in both cases.

Direct proportions allow two methods to set up the proportion,
each resulting in the correct answer.
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Examples: Inverse Proportion

1. If 24 men cen do & job in 30 days, how

meny days will it take 36 men to do the
job?%

Since more men are working on the job,
it will take fewer than 30 days to
complete.

The problem involves an inverse proportion
since the number of days decreases as the
number of men increases.

An inverse proportion can be set up in only one way.
Each ratio must be a comparison of like quantities.
In this case men to men and days to days.

)
The proportion is 2%

X
36 30

N represents the number of days the 36 men
will take to do the job.

Notice that the 24 and 30 (and the 36 and N) are
not both in the numerator (in the denominator)
although they correspbnd. This is what makes the

~ proportion inverse. The second ratio appears up-
side down to what you might expect.
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The reason the second ratio is written upside down is explained
helow.

}_ .
a N , the numerators are smaller than the

36 . 30

denominator (24 < 36 so N < 30).

In

We know that the number of days the 36 men take will be
less than 30, so N must be in the numerator to obtain
this result.

One way to set up the proportion is to write the terms

30 they correspond %%-and %?-, then turn the second
ratio upside dovmn and write the proportion: 2% = g% .
3

The number of days needed by the 36 men is N = 20.

If a proportion is made where the terms of each ratio

are not like quantities, an incorrect answer will result.
(You might try it and see.)
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2. At 50 mph a car can travel from Huntsville
to Carson City in 5 hours. How long will it
take to make the trip at 65 mph?

This is an inverse proportion because as
the speed increases the time will decrease.

The proportion is 29 = B .
65 5
65N = 250

EXERCISES 2

1. If the tension of a banjo string is kept constant, the
frequency (vibrations per second) is inversely proportional
to the length of the string. If a string 30 inches long

vibrates 250 vps, how fast will it vibrate when 25 inches
long?

2. A small drive wheel (d) is connected

by a belt to a larger wheel and drives
. it (D is the driven wheel).




ANSWERS TO EXERCISES 2

\

55 s V = 300 vps
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The drive wheel, d, turns faster than the driven wheel, D.
The diameter of d is less than the diameter of D.

When two wheels (called pulleys) are connected in this way’
the number of revolutions per minute (rpm) of a wheel is

inversely proportional to the diameter of the wheel.

What is the speed of pulley d if its diameter is &4 inches?

 has a diameter of 10 inches and is turning 100 rpm,

3. T'ind the diameter of a pulley, D, having a speed of 80
rpm if it is driven by a 5 inch pulley having a speed of
200 rpm.

Ly, Gears behave somewhat like pulleys. Instead of being con-
nected by a belt, they mesh using teeth.

30 vee A

A
(\ I5tety “he smaller gear turns faster
6/4/' than the larger gear in order for
all of the teeth to mesh, yet the
<:::> number of teeth in the smaller
d gear is less than in the larger
gesr.

a. The teeth meet at point A. 1If all 30 teeth of D pass point
A, how many teeth from @ must pass point A?
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ANSWERS (CONT'D.)

- D 200 .
3. = = == D = 12.5 inches
5 80 °
b, a. 30 teeth b. 2 revolutions c. 200 rpm

!
L
]
1

<67
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b. For every revolution of D, how many revolutions does
d make?

The number of revolutions per minute of two meshed gears is
inversely proportional to the number of teeth in the gears.

c. If D turns 100 rpm, how many rpm will d make?

A grinding wheel turns at 850
rpm. It is attached to a 32
tooth gear and is driven by an
8 tooth gear. How fast is the
drive gear turning?

6. A circular saw is
connected to a 5
inch pulley and
turns 1000 rpm.
How large is the
drive pulley if it
turns 240 rpm?
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ANSWERS (CONT'D.)

- 32 X L
5, = - = 3400
5 3 750 s Y 3 rpm
5 240 : ny s
6 = = 1505 ° D = 20.853 inches
) 0
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7. The pressure, P, inside an automobile cylinder is inversely
proportional to the volume, V.

V---ch.inl_;‘= ?

V=36 cu.in.
P=15 psi

I

piston at bottom piston at top
of stroke of stroke

What is the pressure in the compressed cylinder?
(psi means pounds per square inch.)

The 1968 Mustang Mach I has a compression ratio of 10.50 to
1. This means that if the volume of the cylinder is 1

when the piston is up, the volume is 10.50 when the piston

is at the bottom of the stroke. What is the pressure when

the piston is up, if the pressure is 15 psi when the piston
is at the bottom of the stroke?

o o
N 0




ANSWERS (CONT'D.)

>

£
15
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A CHALLENGE FOR EXPERTS

l.

The diagram at the right
shows a gear train

(a train is a series of
connected gears.) Gear

A is turning at 70 rpm.
How many rpm is Gear D

turning? _ —

What is the effective gear ratio, gear A > in the gear

s e
train of exercise 17 gear D

What diameter must pulley A have in order for it to turn
2400 rpm? Pulley D is turning 180 rpm.

Pulley A B C D

Diameter | 2 | 5" | 3" |16"




ANSWERS TO CHALLENGE PROBLEMS

1., == = — | B = 157.5 rpm

32 D

22 - 2 D = 252 rpm

20  157.5 ° P
2. Lo _ X | 4.5

252 90

The effective gear ratio is g—g— or 51—6

a
%? - I%E , C = 960 rpm

(U3}

Since pulleys B and C are attached, pulley B turns 960 rpm.

2400
960

R a = 2 inchés

2 -
a




BEATERS AND BEAMS

CLASS ACTIVITY

There are some stations arcund the room where you will perform
some experiments involving ratios.

After your teacher divides the class into groups,
l. Go to your station.

2. Tollow the instructions for the activities
which begin on the next page.

3. Use the equipment inventory to check your
equipment.

L, Record your findings in the spaces provided.

When you finish your first activity, go to a station where the
other activity is found.
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BEATERS AND BEAMS

OBJECTIVES

1. Given an experimentel situation, the student shall
be able to set up and solve proportions related to
the experiment.

2. The student shall be able to use proportions to
make predictions about future trials of the ex-
periment.

3. Given the components of an inverse proportion which

are based on & problem situation,the student shall
form a valid proportion.

EQUIPMENT AND TEACHING AIDS

A. STUDENT

The Egg Beater -

#1. 1 hand beater or hand speed drill

The Balance Beam -

#1l. 1 meter stick.
#2. 2 malted milk cartons.
#3. metal paper clamp (approximately 21").

1
#4. 1 wire rod, %" by 6".

‘ 75
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THE EGG BEATER

Equipment Inventory: 1 Hand egg beater or

1 Hand speed drill

Activity:

This activity centers on the question: How many times does
the beater revolve for each complete turn of the handle?

1. Turn the handle one complete turn and have your partner
count the number of turns of the beater.

2, Turn the handle 4 times. How many beater revolutions were
there? For 6 handle turns, how many beater re-
volutions are there?

3. Using the information from parts 1 and 2, how many beater
revolutions are there for one handle turn?

L. Predict the number of beater turns if the handle makes 8

turns. Did you have to count the turns of the
beater? Do you think there is a better way to make this
prediction?

5. Write a ratio B to H, where B is the number of beater turns
and H is the number of handle turns.

,\) 6}"‘*
‘ e {6
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#5. 3 ¥nowm weights: Wys VYo, WB
# 2 unknown weights: W, w‘3
2T 2 metal hoois

B. TEACHER

1. Overhead projector

2. Projection screen

*3. Transparency: ARP 17
ARP 17 is a summary form for discussing
the activities.
CONTENT AND APPROACH
Students should work in groups of 3 or U,

The stations should be clearly marked so the students can move
from one to another with ease.

Refer to Teacher's Guide pages T 37a - T 37j for discussion
of activity sessons.

THE EGG BEATER

1. The basic question for the student to answer is "How many
revolutions does the blade make when the handle makes one

revolution¢?
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10.

11.

" 12,

Count the teeth in each gear, and write a ratio comparing
them.

How do the ratios you wrote in parts 5 and 6 compare?

What is the relation between the handle and beater re-
volutions and the number of gear tgeth on each?

What is the precise number of turns the beater will make
when the handle is turned one revolution?

If the beater turns 45 times, how many times will the
handle turn?

Write a proportion which will show how handle and beater

turns and number of gear teeth are inversely proportional.

An egg beater has gears with 64 and 14 teeth each. If the
handle is turned 28 times, how many turns will the beater
make?




N

e

l\)"]

The mathematical ides is that the revolutions of the
handle and beater are inversely proportional to the
number of gear teeth.

After predicting the number of blade revolutions, the
students can verifly this by counting.

The ratio obtained by comparing the number of teeth in
each gear is equivelent to the ratio involving the revolu-
tion of the handle end blade.

Precise answers can be given to the question "How many
revolutions does the blade meke if the handle makes n
revolutions?"

CHALLENGE PROBLEM:

A housewife making a lemon meringue pie must beat
egg whites until they are stiff. This may take 4
minutes of rapid beating. If you were doing the
beating, how many times would the blade turn during
the 4 minute beating time?
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THE BALANCE BEAM

tquipment Inventory: 1 meter stick, 2 dixie cups, 1 metal
paper-clamp, 1 wire rod, 3 known weights
(W

10 Voo w3), 2 unknown weights (Wu,

W.), 2 metal hooks.

-

Activity: This activivy centers on the question: How can a
beam balance be used to predict the weight of an
object?

1. Assemble the beam balance
including the hooks and
move the clamp position
until the meter stick
balances.

2. Place weights Wl and W2

on hooks and slide the
hooks until the meter stick
balances.

3. Write as ratios:

a. The distance W2 is from the center of the Eg

stick to the distance W, is from the center. D

b. The weight of Wl compared to the weight

of W,.
2 wl

Wy

4, Use weights W, and W3 and repeat parts 2 and 3.




THE BALANCE BEAM

1. An immediate problem srisecs in the setting up of the ex-
periment. (Yet, this is 2n aspect of broblem solving.)
The fulcrum should coincide with some corvenient mark on
the meter stick (for ezce in resding distances), and then

he made to balance.

O

This experiment deals with inverse variation because the

weights and thelr distances from the center are inversely
proportional.

3. Studentc may predict veights of the unknowns using direct
proportions but should soon note that the calculated weights
are incorrect by feel.

4. There are some physical situations you can point out as
* being inverse proportion situations.

1. Teeter-totter (heaviest person sits nearest
the fulcrum).

2. Circular motion (swinging an object tied to a
string in a circular motion. Tor a given effort
on the part of the person holding the string, the
shorter the string, the faster the object travels).

Aruitoxt provided by Eic:
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5.

10.

Are the ratios obtained in exercises 3 and 4 equivalent?

D W
If a proportion is written — = s > what kind of a
D, Wy

proportion is it?

Place weights Wl and WLL on the beam and adjust until it
balances. Use a proportion to predict the weight of

WLL.

———

Check the weight of wu by weighing on a scale.

Predict the weight of WS.

Check the weight of W

5




You may hsve to lend some guidance in this activity,

but let them do it. They may be able to make dis-
coveries on their own. Since the balance beam is quite
sensitive, the weights (wl, w2, w3 - known; Wy w5 -
unknovm) could be considerably lighter than those used
for stretching springs. Beans or lead shot in cloth

bags would work out nicely for this.
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‘V/'POHVT

1. Which of the following situations involve inverse proportions.

a. Hanging various weights on a spring stretches the
spring various lengths. This device can be used to
predict the unknown weight of an object.

A ball tied to the end of a string
is twirled with constant effort.
Pirst the length of string is 10
inches, and then it is lengthened
to 15 inches. The speed of the
ball changes as the length of
string changes.

Three secretaries can do some typing in
16 hours. How many hours will it take 5
secretaries to do the job?

A machine can grind 35 bolts in 15 minutes. How
many bolts can it grind in 100 minutes?

How can you tell whether a situation involves direct or
inverse proportions?




ERIC

Aruitoxt provided by Eic:

v
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ANSWERS TO WvPOINT

1.

ot

. Direct proportion
b. Inverse proportion
c. Inverse proportion

d. Direct proportion

2. Direct proportion: An increase in one quantity causes a
corresponding increase in a second
quantity. ’

Inverse proportion: An increase in one quantity causes a
corresponding decrease in a second
quantity.

A
0
3
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Diagrem outlines for ixercises 1, page 55,




AHNCWERS TO EXERCISES 1 are on pages T 65 and T 55a.
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